IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: 



Rosenblum et al. 



§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 



ART UNIT: 
1642 



FILED: May 26, 1999 



SERIAL NO.: 09/320,156 



EXAMINER: 

Canella, K. 



FOR: Immunotoxins Directed Against 
c-erbB-2 (HER-2/Neu) Related 
Antigens 



DOCKET: 



D5425CIP2 



The Honorable Commissioner of Patents 
Washington, DC 20231 



ATTENTION: 



Board of Patent Appeals arid Interferences 



TRANSMITTAL OF APPEAT/BRTEF 



Dear Sir: 

Enclosed please find three (3) originals of the Appeal Brief for 
the above-referenced patent application. 

This application was submitted on behalf of a small entity. A 
Verified Statement of Small Entity Status was included with the patent 
application. Please debit the $160 fee for filing a brief in support of an 
appeal under 35 U.S.C. 1.17(c) or any additional fees due from Deposit 
Account No. 07-1185 on which account the undersigned is allowed to 
draw. 



Respectfully submitted, 




8011 Candle Lane 
Houston, Texas 77071 
(713) 270-5391 
B ADLER1 @houston.rr.com 



Registration No. 35,423 
Counsel for Applicant 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICANT: Rosenblum et al 
FILED: May 26, 1999 
SERIAL NO.: 09/320,156 



§ 
§ 
§ 
§ 



ART UNIT: 
1642 



§ 
§ 
§ 
§ 



EXAMINER: 

Canella, K. 



DOCKET: 

D5425CIP2 



FOR: Immunotoxins Directed Against 
c-erbB-2 (HER-2/Neu) Related 
Antigens 

The Honorable Commissioner of Patents 
BOX AF 

Washington, DC 20231 

ATTENTION: Board of Patent Appeals and Interferences 
CERTIFICATE OF matt Tiy ^ TTNnFR T7 rF p t H 

Dear Sir: 

I hereby certify under 37 CFR 1.8 that the following 
correspondence is being deposited with the United States Postal Service as 
first class mail with sufficient postage on the date indicated below and is 
addressed to The Honorable Commissioner for Patents, Washington DC 

^ U Z J 1 . 

(1) Appeal Brief; 

(2) Return Postcard. 

Please return the enclosed postcard acknowledging receipt of this 
correspondence. F 



Respectfully submitted, 



ADLER & ASSOCIATES 
8011 Candle Lane 
Houston.. Texas 77071 
(713) 270-5391 
BADLER1 @houston. rr.com 




irnin Aarc 




Benjarnin Aaron Adler, Ph.D., J.D. 
Registration No. 35,423 
Counsel for Applicant 



A^JS&^/ ^ -f^feP HEREON, ACKMOW1 mOP. 

f ] Provisional Patent Application 



[ Provi S1 ona! Patent Application w/coversheet 
f ] Sequence L.sung w/ Compliance Letter + CRF 
t ] Apphcation for Patent including [ I PCT 

r j p~, - •? ge ^, s P ec - tota ' claims 
TJ Request for filmg f ] Continuation 
riD^, .r ~ [] Divisional 
r mSF" f ° r P >nt,nued Examination 

[ ] Certificate ol Mailing i 10 

Express No..EL 

Xt Certificate of Mailing 1 8 ' 

'I J Transmittal letter 

r 1 rJJ A i 1 ^ V ," OT f 1 Declaration [ ] Oath 
r i ] ?™ b,ned Declaration and Power of Attorney 
^] Assignment, w/check for $ rMjnciifeL * 



f ] Response to Notice to File Missing Parts 
[ Response to Office Action f 1 RAF 

f J Issue Fee Transmittal 

[ J Amendment after aJlowance 

f J Notice of Appeal 
>£AppeaJ Brief in triplicate 
^l^^e.terforAppea.Bnef 
[ ] PCT Demand 

[ ] Power of Attorney by applicant 

L JUtnen „ 



ifn, i si!. ~ ~' 



OF' 
Applicant. 
Serial No: 1 

r ] Provisional'patent Application w'c°yerj 
Sequence Listing ml Compliance Lett^C 

[]^tforrain g []Co„— oj ^ 

r I Request for Continued ExarmnaU 
□ Drawings:, sheets [ ] informal [ ] 

f] Check for $ — — — - 

[ ] Certificate of Mailing 1. 10 

Express No.:EL 

1ft Certificate of Mailing 1 » 

™ ^ « or [ ] Declaration ,[ ] Oath 
r 1 Comb ned Declaration and Power of Attorney 
[ ] SSient. w/check for $ r^jncliided- 
^Postcard 



ACKNOWLEDGES RECbU-i 

[ 1 Petition for Extension of Time [ 1 month(s) 

Response to Office Action [-1RAF 

7 7fina[]Wority Document 
' ^ r ifiue Fee Transmittal 

[Amendment after allowance 
^formation Disclosure Statement 
* j FTO form 1449 
[] Notice of Appeal 



Appeal Brief in triplicate 
transmittal letter for Appeal Brief 
/[] PCT Request 
r 1 PCT Demand 

[ ] Power of Attorney by applicant 
□Other. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



ART UNIT: 
1642 

EXAMINER: 

Canella, K. 

DOCKET: 

D5425CIP2 



APPLICANT: Rosenblum et al 

FILED: May 26, 1999 

SERIAL NO.: 09/320,156 

FOR: Immunotoxins Directed Against 
c-erbB-2 (HER-2/Neu) Related 
Antigens 



The Honorable Commissioner of Patents 
BOX AF 

Washington, D.C. 20231 
ATTENTION: BOARD OF PATENT APPEALS AND INTERFERENCES 




APPELLANT S BRIEF 

This Brief is in furtherance of the Notice of Appeal filed in 
this case on November 22, 2002. The fr-cs required under 37 C.F.R. 
§1. 17(f) and any other required fees are dealt with in the accompanying 
TRANSMITTAL OF APPEAL BRIEF. 

In accordance with 37 C.F.R. §1. 192(a), this Brief is submitted 
in triplicate. 



1 



INDEX OF SUBJECT MATTER 



Pa g e 

I . Real party in interest 3 

II. Status of Claims 3 

III. Status of Amendments 3 

IV. Statement of Related Appeals and Interferences 4 

V. Summary of Invention 4 

VI. Issues 5 

VII. Grouping of Claims 6 

VIII. Arguments 6 



XIX. Appendix 

A. CLAIMS ON APPEAL 

B. CITED REFERENCES 



2 



I. REAL PARTY IN INTEREST 



The real party in interest is the Research Development 
Foundation, the Assignee, as evidenced by an Assignment recorded 
in the Patent and Trademark Office at Reel 012024, Frame 0741 on 
July 24, 2001. 

II. STATUS OF THE CLAIMS 

Originally claims 1-21 were filed with this Application. 
Claims 1-14 and 20-21 were withdrawn from consideration. Claims 
15-19 were amended. The pending claims 15-19 are being appealed, 
of which claim 15 is an independent claim. 

III. STATUS OF AMENDMENTS 

Subsequent to the final rejection mailed May 23, 2002, 
Applicants submitted a Response After Final which amended claims 
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16-18 and cancelled claims 15 and 19. In an Advisory Action mailed 
November 19, 2002, the amendments were not entered into the 
record. All pending claims are shown in Appendix A. 

IV, STATEMENT OF RELATED APPEALS AND INTERFERENCES 

To Appellant's knowledge, there are no pending related 
appeals or interferences that will directly affect or be directly 
affected by the present appeal. 

V. SUMMARY OF THE INVENTION 

The present invention is directed to a composition 
comprising a conjugate of a cellular targeting moiety, e.g., an antigen 
binding region, exhibiting binding specificity for the c-erbB-2 protein 
and a cell growth modulator, e.g., a toxin or growth suppressing 
reagent (see the Specification at page 3, lines 18-21. This 
composition acts as an immunotoxin to specifically target a cell 
growth modulator to tumor cells overexpressing the c-erbB-2 protein 
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(page 4, lines 1-2). In one embodiment, the composition may be a 
fusion construct between a targeting moiety with binding affinity for 
c-erbB-2 protein and a cytotoxic moiety (page 4, lines 16-19). In a 
preferred embodiment, the conjugate is a fusion protein between a 
single chain antibody and tumor necrosis factor which is preferable 
produced by recombinantly fusing a gene encoding a single chain 
antibody to a gene encoding tumor necrosis factor (page 5, lines 19- 
21 and page 6, lines 1-2). One possible single chain antibody is scFv- 
23 (page 6, line 2). The present invention is useful for treating 
target neoplastic cells that overexpress the c-erbB-2 protein on the 
cell surface (page 4, lines 10-15). 



VI. ISSUES 

A. 35 U.S.C. $103(a) 

Whether claims 15-19 are patentable under 35 U.S.C. 

§103(a). 
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VII. GROUPING OF CLAIMS 



The rejected claims do not stand or fall together. 
Applicants consider that claims 16-18 are separately patentable 
from claims 15 and 19. Applicants submit that a composition 
comprising a conjugate which is a fusion protein between a single 
chain antibody and tumor necrosis factor is patentably distinct from 
such conjugates produced by other means. 



VIII. ARGUMENTS 

The Rejection Under 35 U.S.C. §103^ 

In the Advisory Action mailed November 19, 2002, the 
Examiner maintained the rejection of claims 15-19 under 35 U.S.C. 
§ 103(a) for substantially the same reasons found in the Final Office 
Action mailed May 23, 2002, as being unpatentable over Wels et al. 
(U.S. Pat. No. 5,571,894) in view of Hoogenboom et al. (Biochimica et 
Biophysica Acta 1096(4): 345-354 (1991), Abstract) and Hudziak et 
al. (Mol. Cell. Biol. 9(3): 1165-1172 (1989)). Applicants vigorously 
traverse this rejection. 
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In the Advisory Action mailed November 19, 2002, the 
Examiner maintained the rejection of claims 15-19 under 35 U.S.C. 
§ 103(a) for reasons of record. The Examiner asserted: 



Wels teaches an anti-erbB2 antibody which is a single chain 
antibody, fused to a plant bacterial toxin. Hoogenboom 
teaches a single chain antibody-TNF fusion protein. Applicant 
argues the same point against the combination of Wels and 
Hoogenboom and Hudziak as above. It is not found 
persuasive for the reasons set forth above, namely that Wels 
teaches that a single chain antibody can be fused to a bacterial 
toxin and retain the binding activity of the antibody as well as 
the toxic activity associated with anti-ribosomal plant toxins. 
Hoogenboom teaches that TNF can be fused to a single chain 
antibody with retention of the antibodies [sic] binding activity, 
and the retention of TNF activity, and the resulting 
immunotoxin is useful as a toxic agent against myeloma cells. 
Hudziak teaches the efficacy of providing TNF 
simultaneous[ly] to anti-erbB2 in the treatment of breast 
cancer cells. Thus, one of skill in the art would be motivated to 
make an immunotoxin to target breast cancer cells by the 
fusion of an anti-erbB2 antibody to TNF from the teachings of 
Wels and Hudziak. One of skill in the art would have 
reasonable expectation of success from the teachings of 
Hoogenboom on the retention of binding and TNF activity in 
the anti-myeloma TNF immunotoxin. 
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The Examiner maintains that one of skill in the art would 
be motivated to make an immunotoxin to target breast cancer cells 
by fusing an anti-erbB2 antibody to TNF from the teachings of We Is 
and Hudziak, and would have a reasonable expectation of success 
from the teachings of Hoogenboom of retention of antibody binding 
and TNF activity. Applicants respectfully disagree. 

Applicants respectfully submit that given the structural 
specificity and precision in the process of protein folding that defines 
each protein's activity, one skilled in the art would not be motivated 
to combine the teachings of Wels or Hoogenboom and Hudziak 
with any expectation of success of obtaining the particular 
composition in the present claims while retaining both antibody 
binding and cytotoxic activity. 

The biological activity of a protein depends on the folding 
of its amino acid chain(s) into a highly organized, precise three- 
dimensional structure under physiological conditions (The 
Encyclopedia of Molecular Biology, Sir John Kendrew Ed., Blackwell 
Science Ltd., London, p. 884 (1994)). In Hudziak, the separate 
administration of un-conjugated monoclonal anti-erbB2 antibody and 
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TNF sensitized breast cancer cells to TNR The instant invention 
improves on Hudziak by administering TNF concurrently with the 
sensitizing antibody. However, one skilled in the art at the time of 
the invention could not determine from the teachings of Wels or 
Hoogenboom and Hudziak whether a fusion product between TNF 
and a single-chain anti-erbB2 antibody would retain antibody 
binding and TNF toxicity properties. 

It is likely that the fusion process would result in the 
disruption of the specific processes of protein folding necessary for 
the separate proteins to function properly. For example, Friedman 
et al {Cancer Research 53: 334-339 (1993)) report that investigators 
in the art have experienced a reduction in binding efficiency of 3- to 
10- fold in recombinant antibody proteins compared to the 
corresponding non-recombinant IgG antibodies. In Friedman, a 
fusion protein formed between a single-chain sFv antibody and a 
Pseudomonas exotoxin fragment resulted in the production of a 
mixture of monomeric and aggregate proteins. The monomer was 5 - 
fold less effective than the native IgG in binding to the target 
antigen, whereas the aggregate form was unable to bind at all. The 
aggregates mainly resulted from monomers that were misfolded 
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during production, forming inappropriate disulfide bonds, thus 
hindering the correct three-dimensional display of antigen- 
combining sites in the antibody. Further experiments were therefore 
necessary to increase the antigen-binding activity of the recombinant 
immunotoxin molecule. In further example, in Chaudhary et al. 
(Nature 339: 394-397 (1989)), a fusion protein made between a 
single-chain antibody and a modified form of Pseudomonas exotoxin 
displayed a 3-fold decrease in binding to the target antigen over the 
un-fused antibody. 

Given the difficulty experienced in the art in producing 
active immunotoxins as fusion proteins, it is therefore likely that 
time-consuming, non-routine experimentation, beyond that which is 
obvious to one skilled in the art, would be required to determine if 
the anti-erbB2-TNF fusion protein would exhibit the same or. better . 
cytotoxic effects as the separate administration of each component. 
Applicants therefore respectfully submit that claims 15-19 are not 
obvious under 35 U.S.C. §103(a) over Wels in view of Hudziak and 
Hoogenboom. Accordingly, Applicants respectfully request that the 
rejections of claims 15-19 under 35 U.S.C. § 103(a) be withdrawn. 
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For the reasons given above, Applicants respectfully urge 



that the decision of the Examiner should be reversed, and that claims 
15-19 be allowed. 
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APPENDIX A 
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CLAIMS ON APPEAL 



15. A composition comprising a conjugate of tumor 
necrosis factor to an antibody exhibiting binding specificity for an 
extracellular epitope of c-erbB-2 protein. 

16. The composition of claim 15, wherein said conjugate 
is a fusion protein between said single chain antibody and tumor 
necrosis factor. 

17. The composition of claim 15, wherein said conjugate 
is recombinantly produced by fusing a gene encoding said single 
chain antibody to a gene encoding tumor necrosis factor. 

18. The composition of claim 15, wherein said single 
chain antibody is scFv-23. 

19. A pharmaceutical composition, comprising the 
composition of claim 15 and a pharmaceutical^ acceptable vehicle. 
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L8 ANSWER 9 OF 30 MEDLINE * 
ACCESSION NUMBER : 91291906 MEDLINE 
DOCUMENT NUMBER: 91291906 

TITLE: Targeting of tumor necrosis 

factor to tumor cells: secretion by myeloma cells 

or a genetically engineered antibody- 
tumor necrosis factor hybrid 
molecule . 

SSate qoimrip "°°3 enb °™ H R; Raus J C; Volckaert G 

CORPORATE SOURCE: Dr l. Willems-lnstituut en Departement WNIF, Limburgs 
SOURCE • Universxtair Centrum, Diepenbeek, Belgium. 9 

SOURCE . (5° C ™M. ET BI0PH ^ICA ACTA, (1991 5) 1096 

PUB. COUNTRY : SSaS" ^ °° 06 - 3002 - 

LANGUAGE: Eng^sn'' ArtlCle; < J0UR ^ ARTICLE) 

sSy 8 ^ x-;;s ty journais; cancer ™ s 

target tumor necrosis factor (TNF) 

DroS r a C ?ii S 1 '^ eC ° ,nbinant antibod y techniques were used to 
?evf? %h/ a K antib ° dy_TNF con 3ugate. At the gene . 

.n^x / f Vy ln gene ° f an ^transferrin receptor 

antibody was linked to a synthetic TNF gene 
encoding human TNF . Transfection of the heavy chain-TNF 

rth n - : ^r-s^L^ss - p sr;r e light — 

^eTls y Cv^ox?^^ 7 'T^ 3 L929 C6llS and human icr-7 

excess h ° V ? ^ hUman CanC6r Cells was inhibited by an 

excess of the original antxtransferrin receptor antibody, 
indicating that the antibody-TNF molecules are 

targeted to the transferrin receptor rich tumor cells, since the 

siiui? ass* r-uitfiiL-r-n h : ^:M:.^JTsss B - llk - 

engineering technology to create and produce improved agents S cancer 
therapy. Furthermore, they demonstrate for the first time the abUitv of 
myeloma cells to secrete an antibody-cytokine chimeric moleculf * 
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pl85 Monoclonal Antibody Has Antiproliferative Effects In 
Vitro and Sensitizes Human Breast Tumor Cells to 
Tumor Necrosis Factor 

ROBERT M. HUDZ1AK, 1 GAIL D. LEWIS, 2 MARCY WINGET, 3 BRIAN M. FENDLY, 3 H. MICHAEL SHEPARD 2 

and AXEL ULLRICHH* 

Departments of Developmental Biology, 1 Pharmacological Sciences, 2 and Medicinal and Analyticcl Chemistry 3 
Genentech, Inc., 460 Point San Bruno Boulevard. South San Francisco, California 94080 

Received 3 October 1988/Accepted 8 December 1988 

The HER2fc^rbB-l gene encodes the epidermal growth factor receptorllke human homolog of the rat neu 
oncogene. Amplification of this gene in primary breast carcinomas has been shown to correlate with poor 
cUnkal prognosis for certain cancer patients. We show here that a monoclonal antibody directed agalnstthe 
'^Sttl ££? sporty inhibits the growth of breast tumoMkrtved cell llaeVomtx- 

pressing the HER2fc-erbB4 gene product and prevents HER21c^rbD^iamstormed NIH 3T3 cells from 
forming colonies In soft agar. Furthermore, resistance to the cytotoxic effect of tumor necrosis factor alpha, 
which has been shown to be a consequence of HER2lc-€rbB-2 overexprcsslon, 2s significantly reduced In the 



HER2fc-erhB-2, the human homolog of the rat prcto- 
oncogene neu (4, 34), encodes a 1,235-amino-acid glycopro- 
tein with extensive homology to the human epidermal 
growth factor (EGF) receptor (4, 21, 33, 34, 42). The 
HER2/c-erbB~2 gene product, pl85 W£ * 2 , has all of the struc- 
tural features and many of the functional properties of 
subclass I growth factor receptors (reviewed in references 43 
and 44), including cell surface location and an intrinsic 
tyrosine kinase activity. However, the ligand for this puta- 
tive growth factor receptor has not yet been identified. 

Amplification of the HER2/c-erbB-2 gene has been found 
in human salivary gland and gastric tumor-derived cell lines 
(13, 34), as well as in mammary gland carcinomas (21, 22, 40, 
42), Slamon et al. (35) surveyed 189 primary breast adeno- 
carcinomas and determined that the HER2/c-erbB~2 gene 
was amplified mahout 30% of the cases, Most wnportantly, 
IlER2!c~erbB~2 iizr^Yiu^Uoh correlated with a negative 
prognosis and high probability of relapse. Similar although 
less frequent amplification of the HER2tc-erbB-2 geae has 
been reported for gastric and colon adenocarcinomas (45, 
46). Experiments with NIH 3T3 cells also suggest a direct 
role for the overexpressed, structurally unaltered HER2I 
c-er£#-2 gene product pi85' /£,u in neoplastic transforma- 
tion. High levels of HER2tz-erbB-2 gene expression attained 
by ^amplification of the introduced gene with dihydrofolate 
reductase by methotrexate selection (18) or by using a strong 
promoter (6) was shown to transform NIH 3T3 fibroblasts. 
Only ceils with high levels of pi85' /£,w are transformed, i.e., 
have an altered morphology, are anchorage independent, 
and will form tumors in athymic mice. 

Overexpression of plS5 i,EK2 may, furthermore, contribute 
to malignant tumor development by allowing tumor cells to 
evade one component of the antitumor defenses of the body, 
the activated macrophage (17). Macrophages play an impor- 
tant role in immune surveillance against neoplastic growth in 
vivo (1, 2, 38), and Urban et al. (39) have shown that tumor 
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cells made resistant to macrophages display enhanced tu« 
morigenicity. Tumor necrosis factor alpha (tNF-tt) has been 
shown to play a rble ; in activated macrophage-mediated 
tumor cell killing in yitrb (3i 11, 23, 29* 39). NIH 3T3 cells 
transformed by a transfected and amplified HER2lc-crbB-2 
cPNA show increased resistance to the cytotoxic effects of 
activated macrophages or TNF-d in direct correlation With 
increased levels of pl85 W£W expression. Furthermore, 
breast tumor cell lines v^h high fevelst of pl85 //c/u exhibit 
resistance to TNF-d; Resistance to host antitumor defenses 
could facilitate the escape of cells from a primary tumor to 
establish metastases at distant sites. 

To further investigate the consequences of alteration in 
HER2fc~erbB-2 gene expression in mammary gland neopla- 
sia and to facilitate investigation of the norma) biological role 
of tht HER2k-erbB-2 gene product; we have prepared 
monoclonal antibodies against the extracellular domains 
pl%5 mja . Qfc:moao&^ *haracter- ; 
^zed in 'more detail aiW was ; ^ 
proliferation of human breast tumor ceUs overexprtssing 
plXpiuu arid/fijrtherntore, to Increase the reiisitivity of 
these cells to the cytotoxic effects of TN F-a, 

MATERIALS AND METHODS 

Cells and cell culture. Human tumor cell lines were ob- 
tained from the American Type Culture Collection. The 
mouse fibroblast line NIH 3T3/HER2-340,,, expressing an 
amplified HER2lc-crbB-2 cDNA under simian virus 40 early 
promoter control, and the vector-transfected control cell line 
NIH 3T3/CVN have been described previously (18). 

Cells were cultured in a 1:1 mixture of L^lbecco modified 
Eagle medium and Ham nutrient mixture F-12 supplemented 
with 2 mM glutamine, 100 u of penicillin per ml, 100 jig of 
streptomycin per ml, and 10% serum. Human tumor cell 
lines were cultured with fetal bovine serum (GIBCO Labo- 
ratories, Grand Island, N.Y.); NIH 3T3 derivatives were 
cultured with calf scrum (Hyclone Laboratories, Inc., Lo- 
gan, Utah.). 

Immunization. Female BALB/c mice were immunized 
with NIH 3T3/HER2-34oo cells expressing high levels cf 
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pl g 5 //£iu The ce | ls were was h e< i oncc w ith phosphate- 
buffered saline (PBS) and detached from the plate with PBS 
containing 25 mM EDTA. After low-speed centrifugation, 
the ceils were suspended in cold PBS (2 x 10 7 cells per ml). 
Each mouse was injected intraperitoneally with 0.5 ml of this 
cell suspension on weeks 0, 2, 5, and 7. 

On weeks 9 and 13, 100 (d of a Triton X-100 membrane 
preparation of pUtf"***, partially purified by wheat germ 
agglutinin chromatography (700 ug of protein per ml) (25), 
was administered intraperitoneally. Three days before fu- 
sion. 100 ul of the enriched pl^5 HERi protein was adminis- 
tered intravenously. 

Fusion and screening. Mice with high antibody titers as 
determined by immunoprecipitation of pl&5 HER2 were sac- 
rificed, and their sptenocytes were fused as described previ- 
ously (26). Spleen cells were mixed at a 4:1 ratio with the 
fusion partner, mouse myeloma cell line X63-Ag8.653 (20), 
In the presence of 50% polyethylene glycol 4000. Fused cells 
were plated at a density, of 2 x 10 s cells per well in 96-well 
QSicTodSnties plates. The hypoxanthine-azaserine (12) selec- 
tion for hybridomas was begun 24 h later. Beginning at day 
10 postfusion, supernatants from hybridoma-containing 
wells were tested for the presence of antibodies specific for 
pits** 6 * 2 by an enzyme-linked immunosorbent assay with 
the wheat germ agglutinin chromatography-purified pleS" 1 ** 
preparation (28). Enzyme-linked immunosorbent assay-pos- 
itive supernatants were confirmed by immunoprecipitation 
and cloned twice by limiting dilution. 

Large quantities of specific monoclonal antibodies were 
produced by preparation of ascites fluid; antibodies were 
then purified on protein A-Sepharose columns (Fermentech, 
Inc., Edinburgh, Scotland) and stored sterile in PBS at 4°C. 

Immunopredpltations and antibodies. Cells were har- 
vested by trypsinization, counted in a Coulter counter 
(Coulter Electronics, Inc., Hialeah, FIa.) t and plated 24 h 
before, being harvested for analysis of pl$5 HE ** expression. 
Cells Were lysed at 4°C with 0.8 ml of HNEO lysis buffer (18) 
per 100-mm plate. After 10 min, 1.6 ml of lysis dilution buffer 
(HNEG buffer with 1% bovine serum albumin and 0.1% 
Triton X-100) was added to each plate, and the extracts were 
clarified by centrifugation at 12,000 x g for 5 min. 

Antibodies were added to the cell extracts and allowed to 
Med.af 4"C'fcr 2 to 4 h. Immune complexes were collected 
by adsorption to protein A-Sepharo?; beads for 20 min and 
washed three times with 1 ml of HNEG buifer-0.1% Triton 
X-100. Autophosphorylation reactions were carried out for 
20 min at 4°C in 50 jil of HNEO wash buffer containing 5 mM 
MnCI 2 and 3 u.Ci of |V 32 P]ATP (5,000 Ci/mmoi, Amersham 
Corp., Arlington Heights, 111.). The autophosphorylation 
reaction conditions have been described previously (18). 
Proteins were separated on sodium dodecyl sulfate (SD5>- 
7.5% polyacrylamide gels and analyzed by autoradiography. 

The polyclonal antibody, G-H2CT17, recognizing the car- 
boxy-terminal 17 amino acids of pl%S HER2 , has been de- 
scribed previously (18). The anti-EGF receptor monoclonal 
antibody 108 (16) was provided by Joseph Schlessinger, 
Rorcr Biotechnology, Inc. 

Fluortscence-acavated ceD sorting. SK-BR-3 human breast 
tumor cells overexprcssing the HER2Ic-erbB-2 gene (17, 22) 
or A431 human squamous carcinoma cells overexpressing 
the EGF receptor gene (14j were grown in T175 ttasks. They 
were detached from the flasks by treatment with 25 mM 
EDTA-G.15 M NaCl, collected by low-speed centrifugation, 
and suspended at 1 x 10 6 cells per ml in PBS-1% fetal bovine 
serum. One milliliter of each cell line was incubated with 10 
|ig of cither mW-HERUc-trbB-l monoclonal antibody (4D5) 



or a control antibody (40.1. HI) recognizing the hepatitis B 
surface antigen. The cells were washed twice and suspended 
on ice for 30 min in 1 ml of PBS-1% fetal bovine serum 
containing 10 ng of goat anti-mouse immunoglobulin G 
F(ab') 2 fragments conjugated with fluorescein isothiocyanate 
dye (Boehringer Mannheim Biochemicals, Indianapolis, 
Ind.). Unbound fluorescein dye was removed by two further 
washes. The cells were suspended at 2 x 10 6 per ml in 
PBS-1% fetal bovine serum and analyzed with an EPICS 753 
(Coulter) fluorescence-activated cell sorter. Fluorescein was 
excited by 300 mW of 488-nm argon laser light, and the 
emitted light was collected with a 525-nm band-pass filter 
with a 10-nm band width. 

Down-regulation assay* SK-BR-3 cells were plated at 1.5 x 
10 3 cells per 35-mm culture dish in normal medium. After a 
6-h period to allow attachment, the medium was replaced by 
1.5 ml of methionine-free labeling medium containing 150 
ftCi of [ M S]methionine per ml and 2% dialyzed fetal bovine 
serum. The cells were metabolically labeled for 14 h and then 
chased with medium containing 2% dialyzed serum and 
unlabeled methionine. Either a control monoclonal antibody 
(40.1.H1) or anti-pl85' ,EIW (4D5) was added to a final con- 
centration of 2.5 ugfrnl. At 0, 5, and 11 h, extracts were 
prepared with 0.3 ml of lysis solution and 0.6 ml of dilution 
buffer. The P185**** was immunoprecipitated with 2.5 uJ of 
polyclonal antibody G-H2CT17. The washed immune com- 
plexes were dissolved in sample buffer, electrophoresed on a 
SDS-7.5% polyacrylamide gel, and analyzed by autoradiog- 
raphy. Each time point determination was performed in 
duplicate; Autoradiograph band intensities were quantitated 
by using a scanner (Ambis Systems). 

Cell proliferation assays. The anti-pl85 tf£R2 monoclonal 
antibodies were characterized by using the breast tumor cell 
line SK-BR-3. Cells were detached by using 0.25% (vol/vol) 
trypsin and suspended in complete medium at a density of 4 
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FIG. 1. Specificity of monoclonal antibody 4D5. Three ceU Lines, 
NIH 3T3/CVN, NIH 3T3/HER1-EGF receptor, and NIH 3T3/ 
HER2-3400, were plated out at 2.0 x 10 s in 100-mm culture dishes. 
At 24 h, Triton X-100 lysates were prepared and divided into three 
portions. Either an irrelevant monoclonal antibody (6 fig of anti- 
hepatitis B virus surface antigen, 40.1.H1; lanes 1, 4, and 7), 
anU-pl85 W£ * monoclonal antibody 4D5 (6 jig; lanes 2, 5, and 8), or 
anti-EGF receptor monoclonal antibody 108 (6 jig; lanes 3, 6, and 9) 
was added and allowed to bind at 4°C for 4 h. The immune 
complexes were cotlcctcd with 30 fjJ of protcia A-Sepharo&c. Rabbit 
anti-mouse immunoglobulin (7 (ig) was added to each 4D5 immuno- 
precipitation to improve the binding of this monoclonal antibody to 
the protein A-coated beads. Proteins were labeled by autophosphor- 
ylation and separated on an SDS-7.5% polyacrylamide gel. The gel 
was exposed to film at -WC for 4 h with an intensifying screen. The 
arrows show the positions of proteins of M r 185,000 and 170,000. 
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FIG. 2. Binding of monoclonal antibody 4D5 to ungtycosylatcd 
receptor. NIH 3T3/HER2-34oo cells were plated into two lOfcmm 
plates at 2 x 10* celts per plate. After 14 h, the antibiotic tunicamy- 
cin was added to one plate at 3 p&ml After a further 5.5 h of 
incubation, Triton X-100 lysates were then prepared from each 
plate. Immunbprectpitations, the autophosphorylation reaction, and 
SDS-polyacrylamide gel electrophoresis were performed as de- 
scribed in the legend to Fig. 1. Lanes: 1, tunicamycin-trcated cell 
lysate (one-third of a plate) immunopredpitated with 2.5 |U of a 
polyclonal antibody directed against the C terminus of pl85 W£/w ; 2, 
tunicamycin-treated cell lysate (one-third of a plate) immunoprecip- 
itated with 6 : |ig of 4D5; 3, untreated control lysate (one-third of a 
plate) immunoprecipitated with the polyclonal antibody. The arrows 
show the locations of proteins of M T 185,000 and 170,000. 

x 10 5 cells per ml. Aliquots of 100 |d (4 x 10 4 cells) were 
plated into 96- well microdilution plates, the cells were al- 
lowed to adhere, and 100 uJ of media alone or media 
containing monoclonal antibody (final concentration, 5 fig/ 
ml) was then added. After 72 h, plates were washed twice 
with PBS (pH 7.5), stained with crystal violet (0.5% in 
methanol;, and analyzed for: relative cell proliferation as 
described previously (36). 

For assays in which monoclonal antibodies were com* 
bincd with recombinant human TNF-a (5.0 x 10 7 U/mg; 
Genentech, Inc.), cells were plated and allowed to adhere as 
described above. Following cell adherence, control medium 
alone or medium containing monoclonal antibodies was 
added to a final concentration of 5 Mg/ml. Cultures were 
incubated for another 4 h, and then increasing concentra- 
tions of TNF-ox were added to a final volume of 200 *U. 
Following 72 h of incubation, the relative cell number was 
determined by crystal violet staining. Some samples were 
analyzed by crystal violet staining following cell adherence 
for determination of the initial cell number. 

RESULTS 

Specificity of monoclonal antibody 4D5. Monoclonal anti- 
bodies directed against the extracellular domain of pl&5 ,t£R2 
were prepared by immunizing mice wiui NIK 3T3 cells 
transected with a HER2tc-erbB-2 cDNA (HER2-34oo) (17, 
18) and overexpressing the corresponding gene product, 
plg$HEJu 0nc aufj^y exhibited several interesting biolog- 
ical properties and was chosen for further characterization. 
Antibody 4D5 specifically immunoprecipitated a single 32 P- 
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FIG. 3. Fluorescence-activated cell sorter histograms of human 
tumor cells binding anti-pl85 monoclonal antibody 4D5: — , 
Binding by the control antibody, 40.1.H1, directed against the 
hepatitis B surface antigen; ***- ; * a V binding by the anti-//£K2/c- 
erbB-2 antibody; 4D5. The antibodies were first allowed' to react 
with the cell surface. After a wash step, bound antibody was labeled 
by addition of fluorescein-conjugated Ffcb'fe fragment of goat 
anti-mouse immunoglobulin G. (A) Binding of the antibodies to the 
human breast tumor line SK-BR-3, which contains an amplification 
of the HER2fc-erbB-2 gene and expresses high levels of the HER2I 
c-*r6fi~2gene product pl85 WfiW . (B) Binding of the same antibodies 
to the human squamous epithelial cell line A431. This cell line 
expresses low levels of mRN A for HER2ic*rbB-2 and high levels (2 
x 10* receptors per cell) of the EGF receptor. 

labeled protein of M r 185,000 from NIH 3T3 cells expressing 
pl85" e *' (Fig. 1, lane 8). This antibody did not cross react 
with the human EGF receptor (HER1; Fig, 1, lane 5), even 
when overexpressed in a mouse N1H 3T3 background (Fig. 
1, lane 6). Furthermore, it did hot immunoprccipitate any 
proteins from NIH 3T3 cells transfected with a control 
plasmid (pCVN) which expresses the neomycin resistance 
and dihydrofolate reductase genes only (Fig. 1, lane 2). 

To determine the nature of the epitope recognized by 4D5, 
NIH 3T3/HER2-3400 cells were treated with tunicamycin, 
which prevents addition of N-linked oligosaccharides to 
proteins (IS, 41). Cells treated with this antibiotic for 5.5 h 
contained two proteins which were immunoprecipitated by a 
polyclonal antibody against the carboxy-terminal peptide of 
pl85 #/£« (Fig 2 , lane 1). The polypeptide of 170.000 M r 
represents unglycosylated pl85 W£J ". The upper band of ca. 
185,000 M T comigrated with glycosylated pl85 //£R2 from 
untreated cells (Fig. 2, lane 3). Monoclonal antibody 4D5 
efficiently inunuuoprecipilatco only ihe gSycosylatcd form of 
pl85' /ER2 (Fig. 2, lane 2). This experiment suggests either 
that the epitope recognized by 4D5 consists partly of carbo- 
hydrate, or, alternatively, that the antibody recognizes a 
conformation of the protein achieved only when it is glyco- 
sylated. 
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TABLE 1. Inhibition of SK-BR-3 proliferation by anti-plSS"™ 
monoclonal antibodies 0 

Monoclonal Relative cell 

antibody proliferation* 

7C2 79.3 ±2.2 

2C4 79.5 ±4.4 

7D3 83,8 ±5.9 

4D5 44.2 ±4.4 

3E8 66.2 ±2.4 

6E9 98.9 ± 3.6 

7F3 62.1 ± 1.4 

3H4 66.5 = 3.9 

2HU 92.9 ±4.8 

40.1.H1 105.8 ±3.8 

4F4 94.7 ±2.8 

" SK-BR-3 breast tumor cells were plated as described in Materials and 
Methods. Following adherence, medium containing 5 of either antt- 
p i85"** J or control monoclonal antibodies (40.1.H1 and 4F4) per ml were 
added. 

6 Relative cell proliferation was determined by crystal violet staining of the 
monolayers after 72 !i. Values arc expressed as u percentage of results with 
untreated control cultures (100%). 



The binding of monoclonal antibody 4D5 to human tumor 
cell lines was investigated by fluorescence-activated cell 
sorting (Fig. 3). This antibody was bound to the surface of 
cells expressing plS5 UE * 2 . Figure 3 A shows the 160-fold 
increase in cellular fluorescence observed when 4D5 was 
added to SK-BR-3 breast adenocarcinoma cells relative to a 
control monoclonal anubody. This cell line contains an 
^pX&&lHER2tc-erbB-2 gene and expresses high levels of 
pl85 W£K v(17, 22). In contrast, the squamous carcinoma cell 
line A431, which expresses about 2 x 10 6 EGF receptors per 
cell (14) but only low levels of pl85 W£R2 (4), exhibited only 
a twofold increase in fluorescence with 4D5 (Fig. 3B) when 
compared with a control monoclonal antibody. 

The binding of 4D5 correlated with the levels of pl85"^ . 
expressed by these two cell lines. SK-BR-3 ceils, expressing 
high levels of "plSS?*™ showed an 80-fold increase in 
relative fluorescence intensity compared with A431 cells. 
This experiment demonstrates that 4D5 specifically recog- 
nizes the extracellular domain of pl«5 , " wJ . 




Days of Culture 

FIC. 4. Growth curve of SK-BR-3 cells treated with w\\-HER2l 
c-erbB-l monoclonal antibody 4D5. Cells were plated into 35-mm 
culture dishes a: 20,000 cc& per pbic in medium containing 2.5 ag 
ofetther control antibody (40.1.H1. anti-hepatitis B sarfcee antigen) 
<P or anti-pigs*™ antibody 4D5 (•) per ml. On the indicated 
days, cells were trypsinized and counted in a Coulter counter. The 
determination for each time point and each antibody was done in 
dupucate, and the counts were averaged. The arrow indicates the 
day the cells were refed with medium without antibodies. 
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FIG. 5. Growth of SK-BR-3 cells in different concentrations of 
monoclonal antibody 4D5. The human breast tumor line SK-BR-3 
was plated into 35-mm culture dishes at 20.000 cells per dish. Either 
0.1, 0.5, 1.0, or 3.0 ug of a control monoclonal antibody <4G.I.Ki, 
anti-hepatitis B surface antigen) or monoclonal 4D5 antibody per ml 
was added at the time of plating. After 8 days of growth. pJste* 
were trypsinized and the cells were counted in a Couiter counter.' 
Each concentration of antibody was plated and counted in duplicate, 
and the cell numbers were averaged. 



Effects on cell proliferation. We used the human mammary 
gland adenocarcinoma cell line, SK-BR-3, to determine 
whether monoclonal antibodies directed against the extra- 
cellular domain of plS5 HEsa had any effect on the prolifera- 
tion of cell lines overexpressing this receptorlike protein. 
SK-BR-3 cells were coincuhated with several HER2ic-erbB- 
2-specific monoclonal antibodies or with either of two dif- 
ferent control monoclonal antibodies (40.1.H1, directed 
against the hepatitis B surface antigen; 4F4, directed against 
recombinant human gamma interferon). Most anti~HER2I 
c-erbb-2 monoclonal antibodies which recognize the extra- 
cellular domain inhibited the growth of SK-BR-3 cells (Table 
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FIG. 6. Screening of breast tumor cell lines for growth inhibition 
by monoclonal antibody 4D5. Each cell line was plated in 35-mm 
culture dishes at 20,000 cells per dish. Either a control monoclonal 
antibody (9F6, anti-human immunodeficiency vims gpl20) or the 
anti-pl85 W£/u monoclonal antibody 4D5 was added on day 0 to 2.5 
jig/ml. Because the different cell lines grow at different rates, the cell 
lines NIH 3T3/HER2-34b6 and SK-BR-3 were counted after* days, 
cell lines MDA-MB-157, MDA-MB-231, and MCF-7 were counted 
after 9 days, and cell lines MDA-MB-175VU and MDA-MB-361 
were counted after 14 days. The difference in growth between cells 
treated with 4D5 and 40.1. HI is expressed as the ratio of cell 
numbers with 4D5 versus a control monoclonal antibody, 9F6. Each 
cell line was assayed in duplicate for each antibody, and the counts 
were averaged. 
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FIG. 7. Inhibition of anchoragc-iiuicp^ndcnt growth bfNIH rr 3/ 
HER2-34QO celts by 4D5. CeUs (20,000 per GO-mm plate) were plated 
in 0.2% soft agar over a 0.4% agar base. After 3 weeks, the plates 
were photographed at x 100 magnification by using a Nikon micro- 
scope with phase-contrast optics, (a) HER2-3 W cells plated in agar 
containing 200 ng of a control antibody (TF-C8) per ml. (b) The same 
cells plated in agar containing 200 ng of 4D5 per ml. 



1). Maximum inhibition was obtained with monoclonal anti- 
body 4D5 t which inhibited cellular proliferation by 56%. The 
control antibodies had no significant effect on cell growth. 

Figure 4 compares the growth of SK-BR-3 cells in the 
presence of either a control antibody, 40.1. HI, or the 
anti-pHS 1 ^* 2 antibody. Proliferation of the cells was inhib- 
ited when antibody 4DS was present. The generation time 
increased from 3.2 to 12.2 days. To determine whether 4DS 
treatment was cytostatic or cytotoxic, antibody was re- 
moved by medium change 11 days after treatment. The cells 
resumed growth at a nearly normal rate, suggesting that the 
antibody affected cell growth rather than cell viability. The 
dose-response curve (Fig. 5) showed that a concentration of 
200 ng/ml inhibited growth by 50%, whereas maximum 




FIG. 8. Effect of antibody binding on pl85 W£R2 turnover. SK- 
BR-3 cells were labeled for 14 h with [ ,5 S]methionine. The label was 
then chased with cold methionine and either an irrelevant monoclo- 
nal antibody (40.1.H1, anti-hepatitis 8 surface antigen) or 4D5 was 
added to 2.5 ug.'ml. The cells on the plates were lyscd at 0, 5, and 11 
h, and M S-labeled pl85"^ was quanutated by Immune^ccipUa* 
tion with the C-terminal specific polyclonal antibody. The 5- and 
11-h time point determinations were performed in duplies** for each 
of the two antibodies. (Totems were separated by SDS-poIyacryl- 
amide gel electrophoresis. The fluor-trcated gel was exposed to film 
for 4 h at room temperature; The arrow indicates the position of a 
protein of M r 185,000. Band intensities were quantitated by using an 
Ambis Systems scanner. Lanes; 1, 0 h; lanes 2 and 3, 40.1. HI (5 h); 
lanes 4 and 5, 4D5 (5 h); lanes 6 and 7, 40.1. HI (11 h); lanes 8 and 
9,4D5(11 h). 



effects were achieved by using a concentration of between 
0.5 and 1 fig/ml. v=;i.. 

The effect of 4D5 on the proliferation of six additional 
breast tumor cell lines, as well as mouse NIH 3T3 fibroblasts 
transformed by pi*S HER2 bverexpression (NfiJ 3T3?HiE^2- 
: 3405), was tested in: rrtonolayef growth assays. Cells were 
plated at low density in medium containing 2.5. ulg of either a V 
control antibody or 4D5I per M. When the^lhireV 
proached confluency; cells were removed witlv^ 
counted. 4D5 did. not have; any significant effect oil the 
growch of the MCF-7, MDA^MB-157; MDA-MB-231, or 
NIH 3T3/HER2-34QO cell lines (Fig. 6)f It didV however, 
significantly affect the growth of the cell lines MDA-MB-361 
(58% of control) and MDA-MB-175-VII (52% of 1 control), 
which express high levels T«n pi85 *-^ <i7)^ r . 

Interestingly, monoclonal antibody 4D5 had no effect on 
the monolayer growth of the NIH 3T3/HER2-34oo cell line. 
However, it completely prevented colony formation by 
these cells in soft agar (Fig. 7), a property which had been 
induced by HER2lc-erbB-2 amplification (18). In the pres- 
ence of 200 ng of a control monoclonal antibody (anlitissue 
factor, TC-C8) per ml, 116 (average of two plates) soft-agar 
colonies were counted, while the same cells plated simulta- 
neously into soft agar containing 200 ng of 4D5 per ml did not 
yield any colonies. 

Monoclonal antibody 4D5 down-regulates pl85""". To 
determine whether the antiproliferative effect of 4D5 was 
due to enhanced degradation of p\%5 HER2 % we measured its 
rate of turnover in the presence or absence of antibody. 
pl85 «£«2 was mcubolically labeled by culturing SK-BR-3 
cells for 14 h in the presence of [ 3s S]methionine. Cells were 
then chased for various times, and either a control antibody 
or 4D5 was added at the beginning of the chase period. At 0, 
5, and 11 h, cells were lysed and pl85 //£:w levels were 
assayed by immunopredpitation and SDS-polyacrylamide 
gel electrophoresis. pllS"** 2 is degraded more rapidly after 
exposure of SK-BR-3 celts to 4D5 (Fig. 8). Densitometry 
evaluation of the data showed that the pl85 wc * : half-life of 
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FIG. 9. Monoclonal antibody 4D5 sensitizes breast tumor cells to the cytotoxic effects of TNF-a. Cells were plated in 96-welI 
mjcroddution plates (4 x 10* cells per well for SK-BR-3, MDA-MBrl75-VH ( and MDA-MB-231; 10* cells per well for HBL400 and T24) and 
allowed to adhere for 2 h. Anti-tf£R2/c-*r6B-2 monoclonal antibody 405 (5 iigtaii) or antHiepatitis B surface antigen monoclonal antibody 
40.1.H1 (5 jig/ml) was then added for a 4-h incubation prior to the addition of TNF-a to a final concentration of 10 4 units/ml. After 72 h, the 
monolayers were washed twice with PBS and stained with crystal violet dye for determination of relative cell proliferation. In addition* some 
cell monolayers were stained with crystal violet following adherence in order to determine the initial cell density for comparison with cell 
fSF^JP***"** ^ 72 h * 1** «yn*oU "denote initial cell density (■), untreated (control) cells (■), cells treated with TNF-a ( ■ K 4D5 
(0), TNF-o plus 4D5 (□), 40.1.H1 (tijij); or TNF-a plus 40.LHI('W). 



7 h decreased to 5 h in the presence of antibody (data not ? 
. shown). : K : 

Monoclonal antibody 4D5 enhance* TNF-a cytotoxicity. 
The addition of certain growth factors to tumor ceils has 
been shown to increase their resistance ta the cytotoxic 
effects of TNF-a (37). A prediction based on these findings 
would be that expression of oncogenes that mimic or replace * 
growth factor receptor function may also increase the resis- 
tance of cells to this cytokine. Recently, it was shown that- • 
overexoression of the putative growth factor receptor 
plS5 ;CR? in NIH 3 13 cells caused an increase in tne resis- 
tance of these cells to TNF-a (17). Furthermore, breast 
tumor cell lines with high levels of pl*5 H£R2 also exhibited 
TNF-a resistance. 

To further investigate the mechanism by which the 4D5 
antibody inhibited cell growth, we investigated the response 
of three breast tumor cell lines to TNF-a in the presence or 
absence of this antibody. If the anti-pl85' /eM monoclonal 
antibody 4D5 inhibited proliferation of breast tumor cells by 
interfering with the stalling functions of pl%5 Haa f addi- 
tion of this antibody would be expected to enhance the 
sensitivity of tumor cells to TNF-a. Both SK-BR-3 (Fig. 9A) 
and MDA-MB-175-VII (Fig. 9Q were growth inhibited by 
both the monoclonal antibody 4D5 (5 ng/ml; 50% and 25% 
inhibition, respectively) and high concentrations of TNF-a 



(i x 10 4 units/ml; 50% and 60% inhibition, respectively). 
However, the combination of TNF-a and monoclonal anti- 
body 4D5 reduced the SK-BR-3 and MDA-MB-175- VI I 
tumor cell number to a level below that initially plated, 
indicating the induction of a cytotoxic response. In a sepa- 
rate experiment, SK-BR-3 cell viability was determined 
directly by using trypan blue dye exclusion* yielding identi- 
cal results to those described above that were obtained by 
using crystal violet staining (data not shown). A control 
monoclonal antibody, 40.1.H1, did not inhibit SK-BR-3 
breast tumor celt proliferation, nor did it induce an enhanced 
sensitivity of this cell line to the cytotoxic effects of TNF-a 
(Fig. 9B). In addition, the growth of the breast tumor cell line 
MDA-MB-231, which does not express detectable levels of 
pl85 //E*u (17)> Wfts unaffectcd by monoclonal antibody 4D5, 
and the growth inhibition seen with the combination of 4D5 
and TNF-a was similar to that observed with TNF-a alone 
(Fig. 9D). Furthermore, neither HBL-100 (30), a nontrans- 
formed but immortalized human breast epithelial cell line 
(Fig. 9E), nor T24 (27), a human bladder carcinoma cell line 
(Fig. 9F), expressed high levels of pl85 W£W (data not 
shown), and neither demonstrated growth inhibition by 4D5 
or an enhanced growth-inhibitory or cytotoxic response to 
the combination of TNF-a and monoclonal antibody 4D5. 
These results demonstrate that only tumor cells which 
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overexpress pl85 W£R2 will become sensitized to the cyto- 
toxic effects of TNF-ot by antibody 4D5. 

DISCUSSION 

We have prepared monoclonal antibodies against the 
extracellular domain of the HER2lc-erbB-2 gene product, 
p\%S MER2 , and have found that one of these, 4D5, strongly 
inhibits the growth of several breast tumor cell lines and 
furthermore sensitizes pl85 WEW -overexpressing breast car- 
cinoma cell lines SK-BR-3 and MDA-MB-175-VII to the 
cytotoxic effects of TNF-a. Monoclonal antibody 4D5 is 
specific for p\%5 HER2 and shows no cross-reactivity with the 
closely related human EGF receptor expressed in mouse 
fibroblasts. Of six mammary carcinoma cell lines tested, 
only the three lines which express high levels of pl%S HER2 
(SK-BR3, MBA-MB-175, and MDA-MD-361 [17]) were 
growth inhibited, and 4D5 did not inhibit the proliferation of 
a nontransformed human breast epithelial cell line, HBL- 
100, or the bladder carcinoma cell line T24. 

In the presence of the antibody, the inhibition of SK-BR-3 
cell growth was nearly complete, but the effect was cyto- 
static rather than cytotoxic. This property of 4D5 is similar 
to that described for a subset of monoclonal antibodies to the 
EOF receptor (19, 31, 32) which inhibit the growth of A431 
cells, a human squamous epithelial carcinoma line express- 
ing high levels of the EGF receptor. In this case, these 
inhibitory antibodies compete with radiolabeled EGF for 
binding to the receptor, and antibodies which do not block 
EGF binding have no effect on A431 cell growth, it has been 
suggested (J. Mendelsohn and H. Masut, Clin. Res. 35:600A, 
1987) that these antibodies inhibit cell growth by interfering 
with an autocrine system involving the EGF receptor and an 
essential growth factor, transforming growth factor alpha, 
that is produced by the cells (5). It is therefore intriguing to 
speculate that antibody 4D5 analogously interferes with 
ligand binding to the HER2/c-erbB-2 gene product. Since an 
appropriate ligand for the putative HER2lc-erbB-2 receptor 
has not yet been identified, this possibility cannot yet be 
tested directly,. 

The 4D5 antibody had no effect on the growth of NIH 3T3 
cells transformed by HER2lc-erbB-2 overexpression. How- 4 
ever, it reversed one property conferred on these cells by 
amplification of the HER2lckrbB-2 cDN A: the formation of 
colonies in soft agar was prevented by 200 ng of 4D5 
antibody per ml. This result is similar to those obtained by 
Drebin et al. (8) with a monoclonal antibody to the rat neu 
oncogene-encoded pl85 w ". They also observed that an 
anti-pl8S rt * w monoclonal antibody inhibited colony growth in 
soft agar and tumor formation by /^-transformed NIH 3T3 
cells in athymic mice (7-10). This effect was attributed to a 
lowering plS5 neu levels by an increase in receptor turnover 
triggered by antibody binding. The apparent discrepancy 
between 4D5 effects on proliferation of breast tumor cells 
versus transfected mouse fibroblast cells is most probably a 
reflection of the fact that SK-BR-3 cells are authentic cancer 
cells, in contrast to the NIH 3T3 model system. Whereas 
SK-BR-3 cells may have evolved to be dependent onHER2l 
c-erW>2-mediated signals for both growth and transforma- 
tion characteristics, NIH 3T3 cells have acquired a trans- 
formed phenotype only as a result of" HER2IoerbB-2 
overexpression, but may proliferate normally in response to 
other serum growth factors, even in the presence of blocking 
anti-pltt"^ antibody. 

Previous work has shown that high-level expression of 
plg5*£R2 ^ transform NIH 3T3 cells and has suggested a 
casual role for amplification of the HER2lc-erbB-2 gene in 



mammary gland neoplasia. We have shown here that HER2I 
c-erbB-2 gene overexpression in NIH 3VJ cells is associated 
with increased resistance to the monokine TNF-a and that 
breast tumor cell lines which overexpress pl%5 HER2 are 
resistant to the cytotoxic effects of TNF-a. The mechanism 
by which 4D5 inhibits breast tumor cell proliferation and 
reverses phenotypes associated with high levels of plS5 aEia 
expression, such as resistance to TNF-a, is not clear. 
However, these results suggest that in addition to it? ability 
to transform cells by virtue of overexpression (6, 18), 
HER2/c-erbB-2 could play a role in tumor progression by 
allowing tumor cells overexpressing pl%S HE/t2 to evade one 
component of the antitumor immunosurveiilance of the host, 
the activated macrophage (17). These properties of the 
HER2fc-erbB-2 gene product may in part explain the aggres- 
sive, single-step induction of mammary adenocarcinoma in 
transgenic mice bearing the neu oncogene (24), which en- 
codes the mutated rat hoxneieg ef plS5 HE * 2 . 

The experiments presented here demonstrate that a mono- 
clonal antibody which recognizes the extracellular domain of 
pl85 ,/£A2 inhibits :he proliferation of breast tumor cells 
which overexpress this receptorlike protein. Moreover, 
treatment with this antibody also sensitizes these tumor cells 
to the cytotoxic effects of TNF-a. Monoclonal antibodies 
specific for pl%5 HEa2 may therefore be useful therapeutic 
agents for the treatment of human neoplasias, including 
certain mammary carcinomas, which are characterized by 
the overexpressing of pl8J ff ^ 
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ABSTRACT 



The invention concerns recombinant antibodies directed to 
the extracellular domain of the human growth factor recep- 
tor c-erbB-2 comprising a light chain variable domain and a 
heavy chain variable domain of a monoclonal antibody, 
monoclonal antibodies directed to c-erbB-2 themselves, a 
method of manufacturing those recombinant and mono- 
clonal antibodies, hybridoma cells secreting those mono- 
clonal antibodies, a method of manufacturing those hybri- 
doma cells, DNAs encoding the heavy and light chain 
variable domains and the recombinant antibody, a method of 
manufacturing that DNA, hybrid vectors suitable for the 
expression of that DNA, host cells transformed with that 
DNA^ and processes of using those recombinant and mono- 
clonal antibodies in the diagnosis and treatment of tumors. 
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RECOMBINANT ANTIBODIES SPECIFIC 
FOR A GROWTH FACTOR RECEPTOR 

This is a continuation of Scr. No. 07/828,832, filed Jan. 
31, 1992, abandoned, which is a continuation-in-part of Ser. 
No. 07/731,190, filed Jul. 15, 1991, now abandoned 



BACKGROUND OF THE INVENTION 



Growth factors and their receptors are involved in the 
regulation of cell proliferation, and they also seem to play a 
role in tumor growth. The c-erbB-2 growth factor receptor 
protein, a protein of the membrane receptor protein tyrosine 
kinase family (A. Ullrich & J. Schlessinger, Cell 61: 
203-21 2, 1 990), is found in human breast tumors and human 
ovarian carcinomas. Amplification of the c-erbB-2 gene and 
over-expression of the protein appears tc correlate wlthjoor^ 



to 



15 



prognosis for tumor patients. Thus the c-erbB-2 protein ; has 
potential, both as a diagnostic marker m& as a target fin 
cancer therapy. Sequence analysis reveals that c-erbB-2, also 
called HER2, a glycoprotein of 185 kilo-Dalton (gpl85), is 
identical or closely related to the human analog of the neu 
oncogene (A. L. Schechter et al., Science 229: 976-978, 
1985) and shows considerable sequence homology to the 
human epidermal growth factor (EGF) receptor. 

Of particular interest in tumor diagnosis and therapy are 
antibodies directed to tumor markers. Polyclonal antibodies 
may be obtained from the serum of. mammals immunized 
with the antigen, i.e. the tumor marker. The development of 
hybridoma technology made it possible to generate continu- 
ous cell lines, in particular murine hybridomas, producing 
monoclonal antibodies of the desired specificity. Murine 
monoclonal antibodies directed to c-erbB-2 are known and 
are described, for example, by S. J. McKenzie at al., 
Oncogene 4: 543-548, 1989; R. M. Hudziak et al., Molecu- 
lar and Cellular Biology 9: 1165-1172, 1989; International 
Patent Application WO 89/06692 (Genentech); and Japa- 
nese Patent Application Kokai 02-150 293 (Ajinomoto KK). 

A major limitation in the use of murine-derived^rnono- : 
clonal antibodies as in vivo diagnostic 2nd ihcraprjiic 
agents is their imniunogenicity .as foreign proteins, their 
rather long persistence in the circulation, and the formation 
of damaging immune complexes. On the other hand, the 
treatment with human monoclonal antibodies is also limited 
since human hybridoma cell fines are hard to prepare, 
generally unstable, and do not produce monoclonal antibod- 
ies of appropriate specificity in sufficient quantities and at 
reasonable costs. In principle, the in vitro use of murine 
monoclonal antibodies is without limitation. However, pro- 
duction costs of monoclonal antibodies and, depending on 
the type of immunoassay used, the need for attaching a 
detectable marker to the antibody make it desirable to find 
more economic alternatives to regular murine monoclonal 
antibodies. 

A promising alternative is the modification of immuno- 
globulin genes in order to tailor antibodies for particular 
diagnostic and therapeutic tasks. Due to the fact that the 
variable region and each of the constant region domains of 
immunoglobulin molecules are encoded in separate exons 
with their own splice sites, recombinant DNA techniques 
can be used to isolate different parts of cloned immunoglo- 
bulin genes and ligate them to parts of other immunoglo- 
bulins or to effector molecules. The reconstructed genes are 
expressed by appropriate transformed continuous cell lines. 
Murine antibodies can, for example, be converted into 
"humanized" antibodies by exchanging murine constant 



domain exons for human immunoglobulin constant domain 
exons, thus generating chimeric antibodies with murine 
antibody-combining sites and human constant domains. The 
chimeric antibodies retain the antigen specificity determined 
by the murine variable domains, but also, exhibit human 
effector functions (such as complement binding, stimulation 
of phagocytosis, triggering of granule release by mast cells; 
determined by the carboxy-tenninal constant domain seg- 
ments oF the heavy chain polypeptides. An even more 
sophisticated technique in tailoring antibodies described in 
European Patent Application 0 239 400 exchanges also other 
fairly conserved domains, the so-called framework regions 
(FRs), within the murine variable domains for correspond- 
ing framework regions from human antibodies or for other 
human protein sequences. Such an antibody should be even 
less immunogenic in man since the only parts derived from 
a murine antibody are those hypervariable regions which 
define a particular specificity for an antigen, the so-called 
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Furthermore, fusion proteins different from immunoglo- 
bulins may be formed, e.g. single-chain antibodies, which 
retain the specificity and binding properties of the starting 
murine monoclonal antibody, but have otherwise novel 
properties derived from the non-immunoglobulin part of the 
fusion protein. The smallest domain of a monoclonal anti- 
body which can bind to the antigen is the so-called Fv 
fragment which consists of the variable domains of the 
heavy and light chains. Fv fragments are difficult to prepare 
by proteolytic techniques since the corresponding variable 
domains tend to dissociate upon dilution. Fv molecules 
constructed by joining the variable domains of the heavy and 
light chains via a short peptide linker, also called single- 
chain antigen binding proteins, bind to an antigen with 
similar characteristics as the original monoclonal antibody 
(R. E. Bird et al., Science 242: 42? \26, 1988; I S. Huston 
et al., Proc. Nad. Acad. Sci. USA 85: 5879-5883, 1988; and . 
Intemational Patent Application WO 89/09825 (Celltech)). 
Fv encoding genes can, in principle, be linked to genes 
encoding effector molecules by recombinant gene technol- 
ogy, it is known, for example, that Fv encoding gene 
sequences can be linked to a gene encoding a portion of the 
Pseudomonas exotoxin A gene (V. K> Chaudhary et al., 
Nature 339: 394-397, 1989; and International Patent Appli- 
cation WO 89/11533 (I. Pastan et al.)). 

OBJECT OF THE INVENTION 

It is an object of this invention to provide recombinant 
antibodies directed to the extracellular domain of the human 
growth factor receptor c-erbB-2 comprising a light chain 
variable domain and a heavy chain variable domain of a 
monoclonal antibody, monoclonal antibodies directed to 
c-erbB-2 themselves, a method of manufacture of said 
recombinant antibodies and said monoclonal antibodies, 
hybridoma cells secreting said monoclonal antibodies, a. 
method of manufacture of said hybridoma cells, DNA cod- 
ing for the heavy chain variable domain, for the light chain 
variable domain and for the recombinant antibody, a method 
of manufacture of said DNA, hybrid vectors suitable for 
expression of said DNA, host cells transformed with said 
DNA, and the use of said recombinant antibodies and said 
monoclonal antibodies in the diagnosis and treatment of 
tumors. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention concerns a recombinant antibody directed 
to the extracellular domain of the growth factor receptor 
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c-erbB-2, a human glycoprotein of 185 kilo-Dalton (gpl 85), 
comprising a heavy chain variable domain and a light chain 
variable domain of a monoclonal antibody. 

Such a recombinant antibody may be a chimeric antibody 
consisting, for example, of a mouse heavy chain variable 
domain with the specificity for c-erbB-2 and a human heavy 
chain constant domain a, y, 5, € or u, preterably y, such as 
yl or y4, and of a mouse light chain variable domain with the 
specificity for c-erbB-2 and a human light chain constant 
domain k or X, preferably k, all assembled to give a 
functional antibody. 

The preferred recombinant antibody of the invention is a 
single-chain antibody wherein the heavy chain variable 
domain and the light chain variable domain are linked by 
way of a Spacer group, preferably a peptide. Most preferred 
is a single-chain antibody wherein the heavy chain variable 
domain is located at the N-terorinus of the recombinant 
antibody. The singlc-cim-n recombinant antibody may fur- 
ther comprise an effector molecule anWorJsigr|al sequences 
facilitating the processing of the antibo^^by fRe host cell in 
which it is prepared. Effector molecules considered are those 
useful for diagnostic or therapeutic purposes, for example 
enzymes causing a detectable reaction, e.g. phosphatase, 
such as alkaline phosphatase from E. coli or mamalian 
alkaline phosphatase, e.g. bovine alkaline phosphatase, 
horseradish peroxidase, f^galactosidase, glucose oxidase, & 
glucoamylase, carbonic anhydrase, acetylcholinesterase, 
lysozyme, malate dehydrogenase or glucose-6-phosphtte, a 
peptide having particular ^binding properties, eg. streptavi- 
din from Streptomyces avidinii strongly binding to biotin, or 
enzymes, toxins or other drugs attacking the cells to which 30 
the antibody is bound, eg. a protease, a cytolysin or an 
exotoxin, for example ricin A, diphtheria toxin A, or 
Pseudomonas exotoxin In the following a single-chain 
recombinant antibody further comprising an effector mol- 
ecule is referred to as fusion protein or intended to be within 
the meaning of the terms "single chain (recombinant) anti- 
body" or "recombinant antibody", if appropriate. 

The term effector molecule also includes biologically 
active variants of the above-mentioned proteins, e.g. vari- 
ants produced from a DNA which has been subjected to in 
vitro mutagenesis, with the provision .'.'that* the protein 
encoded by said DNA retains the biological activity of the 
native protein. Such modifications may consist in an addi- 
tion, exchange or deletion of amino acids, the latter resulting 
in shortened variants. For example, an enzyme, such as 
phosphatase, may be prepared from a DNA which has been 
modified to facilitate the cloning of the encoding gene, or an 
exotoxin, such as Pseudomonas exotoxin, may be prepared 
from a DNA which has been mutated to delete the cell 
binding domain. 

The recombinant antibodies of the invention are tested for 
their specificity to the extracellular domain of c-erbB-2, for 
example by inimunofluorescent staining of cells expressing 
high levels of c-erbB-2, by immunoblotting either directly or 
by way of immunoprecipitation and protein blotting of the 
immunocornptexes, or by another immunoassay such as a 
binding, crossinhibition or competition radio- or enzyme 
immunoassay. 

The variable domain of an antibody heavy or light chain 
consists of so-called framework 'regions (FRs), which are & 
fairly conserved in antibodies with different specificities, 
and of hypervariable regions also called complementarity 
determining regions (CDRs), which are typical for a par- 
ticular specificity. 

Preferred recombinant antibodies of the invention are 65 
those wherein the heavy chain variable domain comprises a 
polypeptide of the formula 



FR , -CDR , ^ FRi-CDRjy,- FR 3 -CDR SW -FR 4 
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wherein FRj is a polypeptide residue comprising at least 
25-29, preferably 25-33 naturally occurring amino acids, 
FR 2 is a polypeptide residue comprising 12-16 naturally 
occurring amino acids, FR 3 is a polypeptide residue com- 
prising 30-3 + naturally occurring amino acids, is a 
polypeptide residue comprising at least 6-10, preferably 
6-13 naturally occurring amino acids, CDR 1/f is a polypep- 
tide residue of the amino acid sequence 32 to 36 of SEQ ID 
NO:4 and 5, CDR^ is a polypeptide residue of the amino 
acid sequence 51 to 67 of SEQ ID NO:4 and 5, and CDR 3 „ 
is a polypeptide residue of the amino acid sequence 100 to 
109 of SEQ ID NO:4 and 5, or, CDR lH is a polypeptide 
residue of the amino acid sequence 32 to 36 of SEQ ID 
NO: 1 0 and 1 1 , CDR^ is a polypeptide residue of the amino 
acid sequence 51 to 67 of SEQ ID NO: 10 and 11, and 
CDR 3i/ is a polypeptide residue of the amino acid sequence 
100 to 1 10 of SEQ ID NO: 10 and 1 1, and wherein the amino 
acid Cys may be in the oxidized state forming S-^S-bridges., 
These particular complementarity determining regions are 
Asn.iyr-Gly-Met-Asn (CDR lw ) f Trp-Ile-Asn-Thr-Ser-Thr- 
Gly-Glu-Ser-Thr-Phe-Ala-Asp-Asp-Phe-Lys-Gly (GDR^), 
and Trp^lu-Val-TVr-His-Gly-TyrrVal-PrblTyr (CDR 3 „) 
according to SEQ. ID NO:4 and 5, or Ser-Tyr-Trp-Met-Asn 
(CDR W X Mrt-ne-Asp-Pro^Ser-Asp^er-Glu-Thr-Gln-Tyr- 
Asn-GIn-Met-Phe-Lys-Asp (CDR^) and Gly-Gly- Ala-Ser- 
Gly-Asp-Trp-Tyr-Phe.Asp-Val (CDR 3// ) according to SEQ. 
IDNO:10andll. 

Especially preferred are recombinant antibodies compris- 
ing a heavy chain variable domain of formula I, wherein the 
polypeptide residues of the flame work regions FR 1( FRj, 
FR 3 and FR 4 are those preferably occurring in mammalian, 
esrjeciaUy : murine or human, antibodies. 

In a first embodiment of the invention, most preferred are 
recombinant antibodies with a heavy chain variable domain 
comprising a polypeptide of the arm>^ acid sequence 2 to • 
120, of SEQ ID NO:4 and 5, wherein optionally one or more, 
e.g. 1, 2, 3 or 4, single amino acids within the amino acid 
sequences 2 to 31 (FR,). 37 to 50 (FRJ, 68 to 99 (FR 3 ) ( 
and/or 110 to 120 (FR4), arc replaced by other amino acids 
or deleted, and wherein the amino acid Cys may be in the 
oxidized state forming S — S-bridges, in particular the 
recombinant antibodies with a heavy chain variable domain 
comprising a polypeptide of the amino acid sequence 2 to 

120 of SEQ ID NO:4 and 5, wherein the amino acid Cys may 
be in the oxidized state forming S — S-bridges. 

In a second embodiment of the invention, most preferred 
are recombinant antibodies wherein the heavy chain variable 
domain comprises a polypeptide of the amino acid sequence 
2 to 121, of SEQ ID NO:10 and 11, wherein optionally one 
or more, e.g. 1, 2, 3 or 4» single amino acids within the amino 
acid sequences 2 to 31 (FR t ), 37 to 50 (FR^, 68 to 99 (FR3), 
and/or 1 11 to 121 (FRJ, are replaced by other amino acids 
or deleted, and wherein the amino acid Cys may be in the 
oxidized state forming S^-S-bridges, in particular the 
recombinant antibodies with a heavy chain variable domain 
comprising a polypeptide of the amino acid sequence 2 to 

121 of SEQ ID NO:10 and 11, wherein the amino acid Cys 
may be in the oxidized state fonning S — S-bridges. 

For example, a hydrophobic amino acid within the flame- 
work regions may be replaced by another amino acid, 
preferably also a hydrophobic amino acid, e.g. a homolo- 
gous amino acid, replaced by two amino acids, or deleted. 
Likewise, a hydrophilic amino acid within the flamework 
region may be replaced by another amino acid, two amino 
acids or deleted, whereby replacing amino acids preferably 
maintain the hydrogen bond structure of the corresponding 
flamework region. 
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Likewise preferred recombinant antibodies of the inven- 
tion are those wherein the light chain variable domain 
comprises a polypeptide of the formula 



FR 6 -CDR ! ^-FRt-CDRz t -FR 8 -CDR 3L -FR9 



01) 



wherein FR* is a polypeptide residue comprising naturally 
occurring amino acids, preferably 19-25, especially 19-23 
naturally occurring amino acids, FR 7 is a polypeptide resi- 
due comprising 13-17 naturally occurring amino acids, FR 8 
is a polypeptide residue comprising 30-34 naturally occur- 10 
ring amino acids, FRp is a polypeptide residue comprising 
naturally occurring amino acids, particularly 7-1 1 naturally 
occurring amino acids, and CDR 1Z . is a polypeptide residue 
of the amino acid sequence 159 to 169 of SEQ ID NO:4 and 
5, CDR^ is a polypeptide residue of the amino acid 15 
sequence 1 85 to 191 of SEQ ID NO:4 and 5, and CDR 3L is 
a polypeptide reciduc of the smino acid sequence 224 to 232 
of SEQ ID NO:4 and 5, or CDR, t :j;ya, poly peptide residue 
of the amino acid sequence '1 60 to* 170 of SEQ ID NO: 10 and 
11, CDR^ is a polypeptide residue of the amino acid 20 
sequence 186 to 192 of SEQ ID NO:10 and II, and CDR 3L 
is a polypeptide residue of the amino acid sequence 225 to 
232 of SEQ ID NO: 10 and 11, and wherein the amino acid 
Cys may be in the oxidized state . forming S — S-bridges. 
These particular complementarity determining regions arc 25 
Lys-Ala-Ser-Gln-Asp-Val-Tyr-Asn-Ala-Val- Ala (CDR t J, 
Ser-Ala-Ser-Ser-Arg-Tyr-Thr (CDRjJ, and Gln-Gln-His- 
Phe-Arg-Thr-Pro-Phe~Thr (CDR 3£ ) according to SEQ ID 
No:4 and 5, or Lys-Ala-SerTGln-Asp-Ile-Lys-Lys-Tyr-Ile- 
Ala (CDR, J, Tyr-Thr-Ser-Val-Leu-Gln-Pro (CDR^) and 30 
Leu-His-Tyr-Asp-Tyr-Leu-Tyr-Thr (CDR3J according to 
SEQ ID NO:10 and 11. 

Especially preferred are recombinant antibodies compris- 
ing a light chain variable domain of formula II, wherein the * 
polypeptide residues of thj framework regions FR 5 , FR^, 35 
FR 7 and FR 8 are those preferably orcurring in mammalian, 
especially murine or human, antibodies. 

In one embodiment of the invention, most preferred are 
recombinant, antibodies wherein the light chain variable 
domain comprises a polypeptide. of the,amino acid sequence 40 

136 to 241 of SEQ TD NQ:4 imd 5, whereL^ cpticr.ally one 
or more, e.g. 1 , 2, 3 or 4, single amino acids within the amino 
acid sequences 136 to 158 (FRJ, 170 to 184 (FR 7 ), 192 to 

223 (FR g ), and/or 233 to 241 (FR<,) are replaced by other 
amino acids or deleted, and wherein the amino acid Cys may 45 
be in the oxidized state forming S — S-bridges, in particular 
the recombinant antibodies with a light chain variable 
domain comprising a polypeptide of the amino acid 
sequence 136 to 241 of SEQ ID NO:4 and 5, wherein the 
amino acid Cys may be in the oxidized state forming 50 
S — S-bridges. 

In a second embodiment of the invention, most preferred 
are recombinant antibodies wherein the light chain variable 
domain comprises a polypeptide of the amino acid sequence 

137 to 241 of SEQ ID NO: 10 and 1 1, wherein optionally one 55 
or more, e.g. 1 , 2, 3 or 4 single amino acids within the amino 
acid sequences 137 to 159 (FRJ, 171 to 185 (FI^), 193 to 

224 (FR g ), and/or 233 to 241 (FIE^) are replaced by other 
amino acids or deleted, 'and wherein the amino acid Cys may 

be in the oxidized state forming S^— S-bridges, in particular 60 
the recombinant antibody wherein the light chain variable 
domain comprises a polypeptide of the amino acid sequence 
137 to 241 of SEQ ID NO: 10 and 1 1 , wherein the amino acid 
Cys may be in the oxidized state forming S — S-bridges. 

For example, amino acids within the framework regions 65 
may be replaced by other amino acids or deleted as detailed 
above for the heavy chain. 



Especially preferred is a single-chain recombinant anti- 
body wherein the heavy chain variable domain and the light 
chain variable domain are linked by way of a spacer group 
consisting of 10 to 30, e.g. around 15, amino acids, in 
particular a single-chain recombinant antibody comprising a 
polypeptide of the formula 



FR,-CDR 1/r FR 1 -CDR 2 | r FRj-CDR 3 j r FR 4 -Sp-FR tf -CDR 1( 
CDR 2L -FR S -CDR JL -FR 9 



-FR r 
(OI). 



wherein FR„ CDR IW , FR 2 , CDR^, FR 3 , CDR 3 „, FR«, FR^ 
CDR lLy FRy, CDR^, FR 8 , CDR 3Zt and FR, have the mean- 
ings as mentioned before and Sp is a peptide spacer con- 
sisting of about 10 to 30, e.g. around 15, amino acids; and 
wherein the heavy chain or the light chain variable domain 
is further connected to an effector molecule, e.g. an enzyme, 
such as phosphatase, particularly alkaline phosphatase, or a 
toxin, such as Pseudomonas exotoxin, or a variant thereof. 
Preferably, the effector molecule is connected to the light 
chain variable domain, optionally via a peptide spacer 
consisting of one or more, e.g. 1-10 amino acids. 

These fusion proteins comprising a single-chain recom- 
binant antibody and an effector molecule optionally com- 
prise another peptide, e.g. a peptide facilitating purification, 
in particular a peptide being an epitope against which an 
antibody is available, such as the FLAG peptide. Purifica^ 
tion, e.g. by means of affinity chromatography, of a fusion 
protein comprising such a peptide is advantageous e.g. in 
that it may be: faster, more specific and/or gentler. The 
peptide may be placed at the N-terminus of the fusion 
protein, in between the recombinant antibody and the effec- 
tor molecule, or at the C-terrninus of the fusion protein. 
Preferably, it is located at the N-terminus or at the C-termi- 
nus, in particular at the N-terminus. Preferably^ these con- 
structs also contain a cleavage site, so that the fusion protein 
can be liberated therefrom, either by enzymatic cleavage, 
e.g. by enterokinase or by Factor Xa, or by the chemical 
methods known in the art. Furthermore these constructs may 
comprise a peptide spacer consisting of one or more, e.g. 1 
to 10, in particular about 2 amino acids, said spacer facili- 
tating the linkage of the above-mentioned peptide and/or the 
cleavage site to the recombinant antibody. The cleavage site : 
is placed in such a way that the fusion protein comprising the 
recombinant antibody and the effector molecule can be 
easily liberated, if desired, preferably in vitro. For example, 
in the protein construct comprising the fusion protein des- 
ignated Fv(FRP5)-ETA (cf. SEQ. ID NO: 13 and 14), the 
FLAG peptide and an enterokinase cleavage site are linked 
to a spacer and placed in front of the Fv heavy chain/light 
chain variable domain and exotoxin A fusion protein. If 
desired, the FLAG peptide can be cleaved off by enteroki- 
nase, preferably after affinity purification of the protein, 
yielding a fusion protein comprising the single-chain anti- 
body Fv(FRP5) and exotoxin A. 

Most preferred is a single-chain recombinant antibody 
wherein die heavy chain variable domain and the light chain 
variable domain are derived from a mouse monoclonal 
antibody directed to the extracellular domain of the growth > 
factor receptor c-erbB-2, e.g. derived from the mouse mono- 
clonal antibodies FRP5. FSP16, FVVP51 or FSP77, particu- 
larly from the mouse monoclonal antibodies FRP5 or 
FWP51. Likewise preferred is a single-chain recombinant 
antibody wherein the spacer group linking the light chain 
and the heavy chain variable domains is a polypeptide 
comprising about 15 amino acids selected from glycine and 
serine, in particular wherein the spacer group is the 15 amino 
acid polypeptide consisting of three repetitive sub-units of 
Gly-Gly-Gly-Gly-Ser. 
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Especially preferred is a single-chain antibody compris- 
ing the heavy chain variable domain of a mouse monoclonal 
antibody selected from the group consisting of FRP5, 
FSP16, FWP51 and FSP77, the 15 amino acid spacer group 
consisting of three repetitive subunits of Gly-Gly-Gly-Gly- 5 
Ser t the light chain variable domain of a mouse monoclonal- 
antibody selected from the group consisting of FRP5, 
FSP16, FWP51 and FSP77 and an enzyme, for example a 
phosphatase such as the alkaline phosphatase phoA, or an 
exotoxin such as Pseudomonas exotoxin, or a variant 10 
thereof. 

Particularly preferred is the particular single-chain recom- 
binant antibody designated Fv(FRP5)-phoA comprising a 
polypeptide of the amino acid sequence 2 to 690 of SEQ ID 
NO:6 and 7. is 

Likewise preferred is a single-chain recombinant anti- 
body comprising a peptide facilitating purification, a cleav- 
age site and a particular siugie-chain recombinant antibody 
selected from the group cxmsT$|jj^- ji^v(FRPS)-ErA' and 
Fv(FWP51)-ETA, m paiticvlaj- a single-chain recombinant 20 
antibody comprising a polypeptide selected from the group 
consisting of a polypeptide of the amino acid sequence -10 
to 606 of SEQ. ID NO: 1 3 and 1 4 and of a polypeptide of the 
amino acid sequence ^10 to 606 of SEQ. ID NO: IS and 16, 
said protein being subjected to in vitro cleavage by enter- 25 
okihase, if desired. 

Particularly preferred is a single-chain recombinant anti- 
body comprising a protein selected from the group consist- 
ing of a polypeptide of the amino acid sequence 2 to 606 of 
SEQ ID NO: 13 and 14 and a polypeptide of the amino acid 50 
sequence 2 to 606 of SEQ CD. NO: 15 and 1 6. 

The invention further concerns the mouse monoclonal 
antibodies directed to the extracellular domain of the growth 
factor receptor c-erbB-2 and designated FRP5, FSP16, 
FSP77, and FWP51, which are secreted by the hybridoma 35 
cell lines FRP5, FSP16, FSP77, and FWP51, respectively. 
Most preferred are the mouse monoclonal antibodies desig- 
nated FRP5 and FWP51. 

The invention further concerns a method of manufacture 
of the recombinant antibodies and of the mouse monoclonal 40 
antibodies of the inyenticn. The antibodies are prepared by 
processes that are known pei se, characterized in that host 
cells or hybridoma cells as defined further below producing 
such antibodies are multiplied in vitro or in vivo and, when 
required, the obtained antibodies are isolated. For example, 45 
the recombinant antibodies of the invention can be prepared 
by recombinant DNA techniques comprising culturing a 
transformed host under conditions which allow expression 
thereof and isolating said antibody. 

More specifically, the present invention also relates to a 50 
process for the production of a protein of the invention 
selected from the group consisting of a heavy chain murine 
variable domain, a light chain murine variable domain, a 
heavy chain murine variable domain and a light chain 
murine variable domain, a single-chain recombinant anti- 55 
body, a fusion protein, and a fusion protein optionally 
comprising a peptide facilitating purification, a cleavage site 
and a peptide spacer comprising culturing a host, e.g. E. coli t 
which has been transformed with a hybrid vector comprising 
an expression cassette comprising a promoter and a DNA eo 
coding for said protein which DNA is controlled by said 
promoter, and isolating said protein. 

In particular, the present invention relates to a process for 
the production of a protein of the invention selected from the 
group consisting of a heavy chain murine variable domain, 65 
a light chain murine variable domain, a heavy chain murine 
variable domain and a light chain murine variable domain, 
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a single-chain recombinant antibody, and a fusion protein 
optionally comprising a peptide facilitating purification, a 
cleavage site and a peptide spacer comprising culturing a 
host, e.g. E. coli t which has been transformed with a hybrid 
vector comprising an expression cassette comprising a pro- 
moter operably linked to a first DNA sequence encoding a 
signal peptide linked in the proper reading frame to a second 
DNA sequence encoding said protein, and isolating said 
protein. 

Multiplication of hybridoma cells or marnmalian host 
cells in vitro is carried out in suitable culture media, which 
are the customary standard culture media, for example 
Dulbecoo's Modified Eagle Medium (DMEM) or RPMI 
1640 medium, optionally replenished by a rnaramalian 
serum, e.g. fetal calf serum, or trace elements and growth 
sustaining supplements, eg feeder cells such as normal 
mouse peritoneal exudate cells, spleen cells, bone marrow 
macrophages, 2-aminoethanol, insulin, transferrin, low den- 
sity lipoprotein, oleic acid, or the like. Multiplication of host 
cells which are bacterial cells or yeast cells is likewise 
carried out in suitable culture media known in the art, for 
example for bacteria in medium LB, NZCYM, NZYM, 
NZM, Terrific Broth, SOB, SOC, 2xYT, or M9 Minimal 
Medium, and for yeast in medium YPD, YEPD, Minimal 
Medium, or Complete Minimal Dropout Medium. 

In vitro production provides relatively pure antibody 
preparations and allows scale^up to give large amounts of 
the desired antibodies. Techniques for bacterial cell, yeast or 
mammalian cell cultivation are known in the art and include 
homogeneous suspension culture, e.g. in an airlift reactor or 
in a continuous stirrer reactor, or immobilized or entrapper 
cell culture, e.g. in hollow fibres, microcapsules, on agarose 
rnicrobeads or ceramic cartridges. 
. Large quantities of the desired antibodies can also be 
obtained by multiplying marnmalian cells in vivo. For this ; 
purpose, hybridoma cells producing the desired antibodies 
are injected into histocompatible mammals to cause growth 
of antibody-producing tumors. Optionally, the animals are 
primed with a hydrocarbon, especially mineral oils such as 
pristane (tetramethyl-pentadecane), prior to the injection. 
After one to three weeks, the antibodies are isolated from the 
body fluids of those mammals. For example, hybridoma 
cells obtained by fusion of suitable myeloma cells with 
antibody-producing spleen cells from Balb/c mice, or trans- 
fected cells derived from hybridoma cell line Sp2/0 that 
produce the desired antibodies are injected inlraperitoneally 
into Balb/c mice optionally pre- treated with pristane, and, 
after one to two weeks, ascitic fluid is taken from the 
animals. 

The cell culture supernatants are screened for the desired 
antibodies, preferentially by inununofluorescent staining of 
cells expressing c-erbB-2, by immunoblotting, by an 
enzyme immunoassay, e.g. a sandwich assay or a dot-assay, 
or a radioimmunoassay. 

For isolation of the antibodies, the immunoglobulins in 
the culture supernatants or in the ascitic fluid may be 
concentrated, e.g. by precipitation with ainirionium sulphate, 
dialysis against hygroscopic material such as polyethylene 
glycol, filtration through selective membranes, or the like. If 
necessary and/or desired, the antibodies are purified by the 
customary chromatography methods, for example gel filtra- 
tion, ion-exchange chromatography, chromatography over 
DEAE-cellulose and/or (inmiuno-)affinity chromatography, 
e.g. affinity chromatography with c-erbB-2 protein or with 
Protein-A. 

The invention further concerns hybridoma cells secreting 
the monoclonal antibodies of the invention, in particular the 
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hybridoma cell lines FRP5, FSP16, FSP77, and FWP51 
deposited under the Budapest Treaty on Nov, 21, 1990 at the 
European Collection of Animal Cell Cultures (ECACC) in 
Porton Down, Sattbuiy, UK, under the accession numbers 
90112115, 90112116, 90112117, and 90112118, respec- 5 
lively. Most preferred is the hybridoma cell line designated 
FRP5, ECACC number 90112115 or the hybridoma ceil line 
designated FWP51, ECACC number 90112118. The pre- 
ferred hybridoma cells of the invention are genetically 
stable, secrete monoclonal antibodies of the invention of the 10 
desired specificity and can be activated from deep-frozen 
cultures by thawing and recloning. 

The invention also concerns a process for the preparation 
of a hybridoma cell line secreting monoclonal antibodies 
directed to the extracellular domain of the growth factor 15 
receptor c-erbB-2, characterized in that a suitable mammal, 
for example 2 Balb/c mouse, is immunized with purified 
c-erbB-2 protein, an antigenic:. carrier containing purified 
c-erbB-2 or with cells "bearing^ growth factor receptor 
c-erbB-2, antioody-producing ceils of the immunized mam- 20 
maJ are fused with cells of a suitable myeloma cell line, the 
hybrid cells obtained in' the fusion are cloned, and cell clones 
secreting the desired antibodies are selected For example 
spleen cells of Balb/c mice immunized with cells bearing 
c-erbB-2 are fused with cells of the myeloma cell line PAI 25 
or the myeloma cell line Sp2/0-Agl4, the obtained hybrid 
cells are screened for secretion of the desired antibodies, and 
positive hybridoma cells are cloned. 

Preferred is a process for the preparation of a hybridoma 
cell line, characterized in that B alb/c mice are immunized by 30 
injecting subcutaneously and/or intraperitoneally between 
10 7 and 10 8 cells of the human breast tumor cell HneSKBR3 
containing a suitable adjuvant several times, e.g. four to six . 
times; over several months, e.g. between two and four 
months, and spleen cells from the immunized mice are taken 35 
two to four days after the last injection and fused with cells 
of the myeloma cell line PAI in the presence of a fusion 
promoter, preferably polyethylene glycol. Preferably the 
myeloma cells are fused with a three- to twenty fold excess 
of spleen cells from the -immunized mice in a solution 40 
containing about 30% io about 50% polyethylene glycol of 
a molecular weight around 4000. After the fusion the cells 
are expanded in suitable culture media as described herein- 
before, supplemented with a selection medium, for example 
HAT medium, at regular intervals in order to prevent normal 45 
myeloma cells from overgrowing the desired hybridoma 
cells. 

The invention also concerns recombinant DNAs compris- 
ing an insert coding for a heavy chain murine variable 
domain and/or for a light chain murine variable domain of 
antibodies directed to the extracellular domain of the growth 
factor receptor c-erbB-2 as described hereinbefore. By defi- 
nition such DNAs comprise coding single stranded DNAs, 
double stranded DNAs consisting of said coding DNAs and 
of complementary DNAs thereto, or these complementary 
(single stranded) DNAs themselves. 

Furthermore, DNA encoding a heavy chain murine vari- 
able domain and/or for a light chain murine variable domain 
of antibodies directed to the extracellular domain of the 
growth factor receptor c-erbB-2 can be enzymatically or 
chemically synthezised DNA having the authentic DNA 
sequence coding for a heavy chain murine variable domain 
and/or for the light chain murine variable domain, or a 
mutant therof. A mutant of the authentic DNA is a DNA 
encoding a heavy chain murine variable domain and/or a 
light chain murine variable domain of the above-mentioned 
antibodies in which one or more amino acids are deleted or 
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exchanged with one or more other amino acids. Preferably 
said modification(s) are outside die CDRs of the heavy chain 
murine variable domain and/or of the light chain murine 
variable domain of the antibody. Such a mutant DNA is also 
intended to be a silent mutant wherein one or more nucle- 
otides are replaced by other nucleotides with the new codons 
coding for the same amino acid(s). Such a mutant sequence 
is also a degenerated sequence. Degenerated sequences are 
degenerated within the meaning of the genetic code in that 
an unlimited number of nucleotides are replaced by other 
nucleotides without resulting in a change of the amino acid 
sequence originally encoded. Such degenerated sequences 
may be useful due to their different restriction sites and/or 
frequency of particular codons which are preferred by the 
specific host, particularly & coli, to obtain an optimal 
expression of the heavy chain murine variable domain 
and/or a light chain murine variable domain. 

The term mutant is intended to include a DNA mutant 
obtained by in vitro mutagenesis of the authentic DNA 
according to methods known in the art 

The invention relates to a recombinant DNA comprising 
an insert coding for a heavy chain murine variable domain 
of a monoclonal antibody selected from the group consisting 
of the antibodies FRP5, FSP16, FSP77 and FWP51, or 
coding for an amino acid sequence homologous to said 
heavy chain variable domain. 

In particular, the invention concerns a recombinant DNA 
comprising an insert coding for a heavy chain murine 
variable domain, which originates from genomic DNA or 
mRNA of the hybridoma cell lines FRP5, FSP16, FSP77 or 
FWPS1, or which is homologous to genomic DNA of said 
cell lines and codes for an amino acid sequence homologous 
to the heavy chain variable domain of monoclonal antibod- 
ies FRP5, FSP16, FSP77 or FWP5L Especially preferred is 
a recombinant DNA comprising an insert coding for a heavy 
chain murine variable domain, which originates from 
genomic DNA or .mRNA of the hybridoma cell line FRP5, 
or which is homologous to genomic DNA of said cell line 
and codes for an amino acid sequence homologous to the 
heavy chain variable domain of monoclonal antibody FRP5; 
or a recombinant DNA comprising an insert coding. for a 
heavy chain murine variable domain, which originates from 
genomic DNA or mRNA of the hybridoma cell line FWP5 1, 
or which is homologous to genomic DNA of said cell line 
and codes for an amino acid sequence homologous to the 
heavy chain variable domain of monoclonal antibody 
FWP51 

Preferred is a recombinant DNA comprising an insert 
coding for the polypeptide of formula I, wherein FRj, FR^, 
50 FR 3 , FR4, CDRj^, CDR^, and CDR 3W have the meanings 
as mentioned hereinbefore, optionally further containing 
introns. Especially preferred is a recombinant DNA coding 
for the polypeptide of formula I comprising inserts coding 
for murine or human framework regions FR,, FRj, FR 3 and 
55 FR4, and inserts coding for complementarity determining 
regions of the DNA sequence 99 to 113 (CDR 1W ), the DNA 
sequence 156 to 206 (CDR^), and the DNA sequence 303 
to 332 (CDR 3ff ) of SEQ ID NO:4 and 5 or coding for 
complementarity determining regions of the DNA sequence 
60 99 to 1 13 (CDR lw ) ( the DNA sequence 1 56 to 206 (CDR^), 
and the DNA sequence 303 to 335 (CDR 3/y ) of SEQ ID 
NO: 10 and 1 1. Most preferred is a DNA comprising an insert 
of the DNA sequence 9 to 365 of SEQ ID NO:4 and 5, 
wherein optionally one or more, e.g. 1 to 10, nucleotides are 
65 replaced by other nucleotides, in particular a DNA compris- 
ing an insert of the DNA sequence 9 to 365 of SEQ ID NO:4 
and 5. Likewise preferred is a DNA comprising an insert of 
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the DNA sequence 9 to 368 of SEQ ID NO:10 and 1.1, 
wherein optionally one or more, e.g. 1 to 10, nucleotides are 
replaced by other nucleotides, in particular a DNA compris- 
ing an insert of the DNA sequence 9 to 368 of SEQ ID 
NO:10andll. 5 

In a DNA wherein nucleotides of the sequence given in 
SEQ ID NO:4 and 5, or in a DNA wherein nucleotides of the 
sequence given in SEQ ID NO: 10 and 11, are replaced by 
other nucleotides, such replacement is preferred when it 
does not alter the amino acid sequence of the coraplemcn- io 
tarity determining regions (CDRs) coded for. This means 
that such replacement of nucleotides may occur in the inserts 
coding for the framework regions (FRs) or in a position 
where it does not alter the amino acid coded for due to the 
degeneracy of the triplet codons. 15 

Likewise the invention relates to a recombinant DNA 
comprising an insert coding for a light chain murine variable 
Jo main of a monoclonal antibody selected from the group 
consisting of me\:Tantibtfdies FRP5, FSP16, FSP77 and 
hWPSU or coding for amino acid sequence homologous 20 
to said light chain variable domain. 

More specifically, the invention concerns a recombinant 
DNA comprising an insert coding for a light chain murine 
variable domain, which originates from genomic DNA or 
mRNA of the hybridoma cell lines FRP5, FSP16, FSP77 or 25 
FWP51, or which is homologous to genomic DNA of said 
cell lines and codes for an amino acid sequence homologous' 
to the light chain variable domain of monoclonal antibodies 
FRP5, FSP16, FSP77 or FWP51. Particularly preferred is a 
recombinant DNA comprising an insert coding for a light 30 
chain murine variable domain, which originates from 
genomic DNA or mRNA of the hybridoma cell line FRP5, 
or which is homologous to genomic DNA of said cell line 
and codes for an amino acid sequence homologous to the 
light chain variable domain of monoclonal antibody FRP5, 35 
or a recombinant DNA comprising an insert coding for a 
light chain murine variable domain, which originates from 
genomic DNA or mRNA of the hybridoma cell line FwP51 , 
or which is homologous to genomic DNA of said cell line 
and codes for ah amino acid sequence homologous to the 40 
* light chain variable domain of monocieaal antibody FWP5 1 . 

Preferred is a recombinant DNA comprising an insert 
coding for the polypeptide of formula II, wherein FR 5 , FRg, 
FR 7( FRg, CDR 1L> CDR^ and CDR 3£ , have the meanings as 
mentioned hereinbefore, optionally further containing 45 
introns. Especially preferred is a recombinant DNA coding 
for the polypeptide of formula II comprising inserts coding 
for murine or human framework regions FR 5 , FR^, FR 7 and 
FR 8f and inserts coding for complementarity determining 
regions of the DNA sequence 480 to 512 (CDR^, the DNA 50 
sequence 558 to 578 (CDR^, and the DNA sequence 675 
to 701 (CDR3J of SEQ ID NO:4 and 5, or coding for 
complementarity detennining regions of the DNA sequence 
483 to 515 (CDRiJ, the DNA sequence 561 to 581 
(CDR^, and the DNA sequence 678 to 701 (CDR,J of 55 
SEQID NO:10 and 11. 

Most preferred is a DNA comprising an insert of the DNA 
sequence 411 to 728 of SEQ ID NO:4 and 5, wherein 
optionally one or more, e.g. 1 to 10, nucleotides are replaced 
by ether nucleotides, in particular a DNA comprising an 60 
insert of the DNA sequence 41 1 to 728 of SEQ ID NO:4 and 
5. Likewise preferred is a DNA comprising an insert of the 
DNA sequence 414 to 728 of SEQ ID NO:10 and 11, 
wherein optionally one or more, e.g. 1 to 10, nucleotides are 
replaced by other nucleotides, in particular a DNA compris- 65 
ing an insert of the DNA sequence 414 to 728 of SEQ ID 
NO: 10 and 11. In a DNA wherein nucleotides of the 



12 



sequence given in SEQ ID NO:4 and 5, or in a DNA wherein 
nucleotides of the sequence given in SEQ ID NO: 10 and 1 1, 
are replaced by other nucleotides, such replacement is 
preferred when it does not alter the amino acid sequence of 
the complementarity determining regions (CDRs) coded for, 
as is described above for DNA coding for the heavy chain 
variable domain. 

For the assembly of complete tetrameric immunoglobulin 
molecules and the expression of chimeric antibodies, the 
recombinant DNA inserts coding for heavy and light chain 
variable domains are fused with the corresponding DNAs 
coding for heavy and light chain constant domains, then 
transferred into appropriate host cells, for example after 
incorporation into hybrid vectors. 

The invention therefore also concerns recombinant DNAs 
comprising an insert coding for a heavy chain murine 
variable domain of an antibody directed to the extracellular 
domain of c-erbB-2 fused to a human constant domain y, for 
example 7I, y2, 73 or yi, preferably y\ or 74. likewise the 
invention concerns recombinant DNAs comprising an insert 
coding for a light chain murine variable domain of an 
antibody directed to the extracellular domain of c-erbB-2 
fused to a human constant domain k or X, preferably k. 

The invention especially concerns recombinant DNAs 
coding for a single-chain recombinant antibody as defined 
hereinbefore, e.g. recombinant DNA wherein the heavy 
chain variable domain and the light chain variable domain 
are linked by way of a DNA insert coding for a spacer group, 
in particular a recombinant DNA coding for a protein of the 
formula m, wherein FR t , FR^ FR 3 , FR^ FR^, FR 7 , FR 8 , 
FR*. SP, CDR lfft CDR W CDR 3W , CDR lw , CDR^ and 
CDR 3L have the meanings given above, optionally compris- 
ing further DNA coding for an effector molecule and/or 
signal sequences facilitating the processing of the antibody 
in the host cell. In particular the invention concerns a DNA - 
comprising an insert of the DNA sequence 9-728 of SEQ ID 
NO:4 and 5, wherein optionally one or more, e.g. 1 to 10, 
nucleotides are replaced by other nucleotides, especially a 
DNA comprising an insert of the DNA sequence 9 to 728 of 
SEQ ID NO:4 and 5. Furthermore the invention relates to a 
DNA comprising an insert of the DNA sequence 9-728 of 
SEQ ID NO: 10 and 1 1 wherein optionally one or more, e.g. 
1 to 10, nucleotides are replaced by other nucleotides, 
especially a DNA comprising an insert of the DNA sequence 
9 to 728 of SEQ ID NO:10 and 11. 

In another embodiment the invention pertains to recom- 
binant DNAs coding for a recombinant DNA wherein the 
heavy chain variable domain and the light chain variable 
domain arc linked by way of a DNA insert coding for a 
spacer group, optionally comprising a signal sequence facili- 
tating the processing of the antibody in the host cell and/or 
a DNA coding for a peptide facilitating the purification of 
the antibody and/or a DNA coding for a cleavage site and/or 
a DNA coding for a peptide spacer and/or a DNA coding for 
an effector molecule. 

The DNA coding for an effector molecule is intended to 
be a DNA coding for the above-mentioned effector mol- 
ecules, particularly a DNA coding for alkaline phosphatase 
or Pseudomonas exotoxin A. The DNA encoding such an 
effector molecule has the sequence of a naturally occurring 
enzyme or toxin encoding DNA, or a mutant therof, and can 
be prepared by methods well known in the art A mutant of 
the naturally occurring DNA encoding e.g. alkaline phos- 
phatase or Pseudomonas exotoxin A, or a variant thereof can 
be obtained e.g. analogously to the methods described 
above. 

Most preferred is a DNA comprising an insert of the DNA 
sequence 23 to 814 of SEQ ID NO:6 and 7, of the DNA 
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sequence 86 to 2155 of SEQ ID NO:5 or of the DNA 
sequence 23 to 2155 of SEQ ID NO:6 and 7, wherein 
optionally one or more, e.g. 1 to 10, nucleotides are replaced 
by other nucleotides, in particular a DNA comprising an 
insert of the DNA sequence 23 to 21 55 of SEQ ID NO:6 and 5 
7. 

Equally preferred is a DNA comprising an insert of the 
DNA sequence 1 to 1911 of SEQ ID NO: 13 and 14, of the 
DNA sequence 64 to 1911 of SEQ ID NO: 13 and 14, or of 
the DNA sequence 97 to 1911 of SEQ ID NO:13 and 14, 10 
wherein optionally one or more, e.g. 1 to 10, nucleotides are 
replaced by other nucleotides, in particular a DNA compris- 
ing an insert of the DNA sequence 1 to 1911 of SEQ IDs 
NO: 13 and 14; or a DNA comprising an insert of the DNA 
sequence 1 to 1911 of SEQ ID NO. 15 and 16, of the DNA 15 
sequence 64 to 191 1 of SEQ ID NO:15 and 16, of the DNA 
sequence 96 to 1911 of SEQ ID NO:15 and 16, or of the 
DNA sequence .97 r to. 1911 of SEQ ID NO:15 and 16, 
wherein optionally ohetor more, e.g. 1 to 10, nucleotides are 
replaced by other nucleotides, in particular a DNA compris- 20 
ing an insert of the DNA sequence 1 to 1911 of SEQ ID 
NO:15 and 16. 

Furthermore the invention concerns a recombinant DNA 
which is a hybrid vector comprising an insert coding for the . 
variable domain of a murine heavy chain as described 25 
hereinbefore and/or an insert coding for the variable domain 
of a murine light chain as described hereinbefore, an origin 
of replication or an autonomously replicating sequence, one 
or more dominant marker sequences and, optionally, expres- 
sion control sequences, signal sequences and additional 30 
restriction sites. 

In a first embodiment the hybrid vector according to the 
invention comprises an expression cassette comprising a 
promoter and a DNA coding for a protein of the invention 
selected from the group consisting of a heavy chain murine 35 
variable domain, a light chain murine variable domain, a 
heavy chain murine variable domain and a light chain 
murine variable domain, a single-chain recombinant anti- 
body, a fusion protein, and a fusion protein optionally 
comprising a peptide facilitating purification, a cleavage site 40 
and £• peptide spacer, which DNA is controlled by said 
promoter, and isolating said protein. 

In a second embodiment, the hybrid vector according to 
the invention comprises an expression cassette comprising a 
promoter operably linked to a first DNA sequence encoding 45 
a signal peptide linked in the proper reading frame to a 
second DNA sequence encoding a protein of the invention 
selected from the group consisting of a heavy chain murine 
variable domain, a light chain murine variable domain, a 
heavy chain murine variable domain and a light chain 50 
murine variable domain, a single-chain recombinant anti- 
body, and a fusion protein optionally comprising a peptide 
facilitating purification, a cleavage site and a peptide spacer. 

Vectors typically perform two functions in collaboration 
with compatible host cells. One function is to facilitate the 55 
cloning of the nucleic acid that encodes the immunoglobulin 
variable domains, i.e. to produce usable quantities of the 
nudeic acid (cloning vectors). The other function is to 
provide for replication and expression of the recombinant 
gene constructs in a suitable host, either by maintenance as 60 
an extrachromosomal element or by integration into the host 
chromosome (expression vectors). A cloning vector com- 
prises the recombinant gene constructs as described above, 
an origin of replication or an autonomously replicating 
sequence, dominant marker sequences and, optionally, sig- 65 
nal sequences and additional restriction sites. An expression 
vector additionally comprises expression control sequences 



essential for the transcription and translation of the recom- 
binant genes. 

An origin of replication or an autonomously replicating 
sequence is provided either by construction of the vector to 
include an exogeneous origin such as derived from Simian 
virus 40 (S V 40) or another viral source, or by the host cell 
chromosomal mechanisms. 

The markers allow for selection of host cells which 
contain die vector. Selection markers include genes which 
confer resistance to heavy metals such as copper or to 
antibiotics such as geneticin (G-418) or hygromycin, or 
genes which complement a genetic lesion of the host cell 
such as the absence of thymidin kinase, hypoxanthine phos- 
phoryl transferase, dihydrofolate reductase or the like. 

Signal sequences may be, for example, ^resequences or 
secretory leaders directing the secretion of the recombinant 
antibody, splice signals, or the like. Examples for signal 
sequences directing the secretion of the recombinant anti- 
body arc sequences derived from the ompA gene, the pelB 
(pectate lyase) gene or the phoA gene. 
- As expression control sequences, the vector DNA com- 
prises a promoter, sequences necessary for the initiation and 
termination of transcription and for stabilizing the mRNA 
and,: optionally, enhancers and further regulatory sequences. 

A wide variety of promoting sequences may be employed, 
depending on the nature of the host cell. Promoters that are 
strong and at the same time well regulated are the most 
useful. Sequences for the initiation of translation are for 
example Shine-Dalgarno sequences. Sequences necessary 
for the initiation and termination of transcription and for 
stabilizing the mRNA are commonly available from the 
noncoding 5 '-regions and 3-regions, respectively, of viral or 
eukaryotic cDNAs, e.g: from die expression host. Enhancers 
are transcription-stimulating DNA sequences of viral origin, 
e.g. derived from Simian virus, polyoma virus, bovine 
papilloma virus or Moloney sarcoma virus, or of genomic, 
especially murine, origin. 

The various DNA segments of the vector DNA are 
operationally linked, Le. they are contiguous and placed into 
a functional relationship with each other. Examples of 
vectors which are suitable for replication and expression in 
an E. coli strain are bacteriophages, for example derivatives 
of X bacteriophages, or plasmids, such as, in particular, the 
plasmid ColEl and its derivatives, for example pMB9, 
pSF2124, pBR317 or pBR322 and plasmids derived from 
pBR322, such as pUC9, pUCKO, pHRil48 and pLc24. 
Suitable vectors contain a complete replicon, a marker gene, 
recognition sequences for restriction endonucleases, so that 
the foreign DNA and, if appropriate, the expression control 
sequence can be inserted at these sites, and optionally signal 
sequences and enhancers. 

Microbial promoters are, for example, the strong leftward 
promoter ? L of bacteriophage K which is controlled by a 
temperature sensitive repressor. Also suitable are E. coli 
promoters such as the lac (lactose) promoter regulated by the 
lac repressor and induced by isopropyl-^D-thiogalactoside, 
the trp (tryptophan) promoter regulated by the tip repressor 
and induced e.g. by tryptophan starvation, and die tac 
(hybrid trp-lac promoter) regulated by the lac repressor. 

Vectors which are suitable for replication and expression 
in yeast contain a yeast replication start and a selective 
genetic marker for yeast. One group of such vectors includes 
so-called ars sequences (autonomous replication sequences) 
as origin of replication. These vectors are retained extrach- 
romosomally within the yeast cell after the transformation 
and are replicated autonomously. Furthermore, vectors 
which contain all or part of the 2u (2 raikron) plasmid DNA 
from Saccharomyces cerevisiae can be used. 
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Such vectors will get integrated by recombination into 2u 
plasmids already existing within the cell, or replicate 
autonomously. 2fi sequences are particularly suitable when 
high transformation frequency and high copy numbers are to 
be achieved. 5 

Expression control sequences which are suitable for 
expression in yeast are, for example, those of highly 
expressed yeast genes. Thus, the promoters for the TOPI 
gene, the ADHI or ADHII gene, acid phosphatase (PH03 or 
PH05) gene, isocytochrome gene or a promoter involved 10 
with the glycolytic pathway, such as the promoter of the 
enolase, glyceraldehyde-3-phosphate kinase (PGK), hexoki- 
nase, pyruvate decarboxylase, phosphofructokinase, glu- 
coses-phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, phosphogju- 15 
cose isomerase and glucokinase genes, can be used. 

Vectors suitable for replication and expression in mam- 
malian ceils are preferably provided with promoting 
sequences, derived frgm DNA of viral origin, e.g. from 
Sir^ian virus W (SV49), Rous sarcoma virus (RSV), aden- 20 
ovirus 2, bovine papilloma virus (BPV), papovavirus BK 
mutant (BKV), or mouse or human cytomegalovirus 
(CMV). Alternatively, the vectors may comprise promoters 
from mammalian expression products, , such as actin, col- 
lagen, myosin etc., or the native promoter and control 25 
sequences which are normally associated with the desired 
gene sequence, i.e. the immunoglobulin H-chain or L-chain 
prompter. 

Preferred vectors are suitable for both procaryotic and 
eucaryotic hosts and are based on viral replication systems. 30 
Particularly preferred are vectors comprising Simian vims 
promoters, e.g. pSVgpt or pSVneo, further comprising an 
enhancer, e.g. an enhancer normally associated with the 
immunoglobulin gene sequences, in particular the mouse Ig 
H- or L-chain enhancer. 35 

The recombinant DNA coding for a recombinant antibody 
of the invention can be prepared, for example, by culturing 
a transformed host cell and optionally isolating the prepared 
DNA. 

In particular, such DNA can be prepared by a method 40 
comprising 

a) preparing murine DNA coding for the variable heavy 
and/or light chain domains of the antibody with the desired 
specificity, e.g. by isolating the DNA from the genome of a 
suitable hybridoma cell line and selecting the desired DNA 45 
using DNA probes, or by isolating mRNA from a suitable 
hybridoma cell line and preparing cDNA coding for the 
variable heavy and/or light chain domains of the antibody 
with the desired specificity using oligonucleotide primers, 

b) preparing DNA coding for the desired signal sequence 50 
and/or preparing DNA coding for an effector molecule, e.g. 
by isolating the desired DNA(s) from a suitable source, e.g. 
from a genomic library or a cDNA library using DNA 
probes, 

c) synthesizing DNA coding for the desired spacer group 55 
by chemical methods, 

d) constructing recombinant genes encoding the recom- 
binant antibodies by incorporating the DNA of step a) and, 
optionally, b) and/or c) into appropriate hybrid vectors, 

e) transferring the obtained hybrid vectors into a recipient 60 
host ceil or retrieving the DNA coding for the recombinant 
genes and transferring the unlinked DNA into a recipient 
host cell, 

0 selecting and culturing the transformed host cell, and 
g) optionally isolating the desired DNA. 65 
The DNA according to step a) of the process described 
above can be obtained by isolation of genomic DNA or by 
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preparation of cDNA from isolated mRNA. Genomic DNA 
from hybridoma cells is isolated by methods known in the 
art which include steps for disruption of the cells, e.g. by 
lysis in presence of detergents like Triton™, extracting the 
DNA, e.g. by treatment with phenol and CHQa/isoamyl 
alcohol, and precipitation of DNA. The DNA is fragmented, 
conveniendy by one or more restriction endonuclcases, the 
resulting fragments are replicated on a suitable carrier, e.g. 
nitrocellulose membranes, and screened with a DNA probe 
for the presence of the DNA sequences coding for the 
polypeptide sequence of interest, in particular for the pres- 
ence of the rearranged H- and L-chain Ig gene loci. By this 
procedure DNA fragments arc found that contain inserts 
with heavy chain V, D and J regions and light chain V and 
J regions, respectively, together with a leader sequence and 
introns, if any. cDNA from hybridoma cells is likewise 
prepared by methods known in the art, e.g. by extracting 
total cellular RNA, isolating mRNA by a suitable chromato- 
graphic method, e.g. chromatography on oIigo(dT)-celIu- 
Iose, synthesizing cDNA with a mixture of deoxynucleotide 
triphosphates and reverse transcriptase in the presence of 
oligonucleotide primers complementary to suitable regions 
in the murine immunoglobulin heavy and light chain con- 
stant domain genes, and isolating the cDNA. As a tool 
simplifying DNA isolation, the desired genomic DNA or 
cDNA may be amplified using polymerase chain reaction 
(PGR) technology. PCR involves repeated rounds of exten- 
sion from two primers specific for DNA regions at each end 
of the gene. 

Preferably, cDNA transcripts of total mRNA from the 
suitable hybridoma cell line is treated in a heating/cooling 
cycle with Taq DNA polymerase in the presence of primers 
tailored to hybridize to Ig H- and L-chain variable domains, 
respectively. 

Genomic DNA or cDNA according to step bj of the 
process described above is isolated from suitable bacterial or 
mammalian cells according to methods known in the art 
Preferably, the methods as described under a) are used, 
substituting the corresponding source cells for the murine 
hybridoma cells and using DNA probes designed to hybrid- 
ize with the desired signal sequences or the genes coding for 
the desired effector molecules. In bacteria wherein separa- 
tion of mRNA from total RNA is not possible with olig(dT> 
cellulose, cDNA is prepared from total RNA using corre- 
sponding oligonucleotide primers. The DNA isolation is 
simplified considerably by the PCR technology. 

DNA according to step c) is prepared by conventional 
chemical and enzymatic methods, e.g. by chemical synthesis 
of oligonucleotides of between thirty and sixty bases with 
overlapping complementary sequences, hybridization of 
such oligonucleotides, and enzymatic ligation, optionally 
after filling-in of missing bases with suitable enzymes in the 
presence of the corresponding deoxynucleotide triphos- 
phates. 

The DNA probe for the mouse variable chain domains 
may be a synthetic DNA, a cDNA derived from mRNA 
coding for the desired immunoglobulin or a genomic DNA 
or DNA fragment of known nucleotide sequence. As probes 
for the detection and/or amplification of the rearranged Ig 
gene loci of the variable domains of LVH-chainsi DNA 
fragments of known nucleotide sequences of adjacent con- 
served variable or constant domains are selected which 
constitute the Ig loci of the L-/H-chain in the mammal from 
which the DNA is derived, e.g. Balb/c mice. The DNA probe 
is synthesized by chemical methods or isolated from suitable 
tissue of an appropriate mammal, e.g. Balb/c mouse liver, 
and purified by standard methods. If required, the probe 
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DNA is labelled, e.g. radioactively labelled by the well- 
known nick-translation technique, then hybridized with the 
DNA library in buffer and salt solutions containing adjuncts, 
e.g. calcium chelators, viscosity regulating compounds, pro- 
teins, non-specific DNA and the like, at temperatures favor- 5 
ing selective hybridization. 

Once a fragment has been identified which contains the 
desired DNA sequence, this fragment may be further 
manipulated to remove nonessential DNA, modified at one 
or both termini, and treated to remove all or a portion of 10 
intervening sequences, or the like. 

The joining of the various DNA fragments in order to 
produce recombinant genes encoding the recombinant anti- 
bodies is performed in accordance with conventional tech- 
niques,, for example, by blunt- or staggered-end ligation, 15 
restriction enzyme digestion to provide for appropriate cohe- 
sive termini, fJlmg-in cohesive ends as appropriate, alkaline 
phosphatase treatment to^ayoid undesirable joining, and 
ligation with appropriate h eases. 

The transfer of the recombinant DN As, e.g. the transfer of 20 
hybrid vectors, and the selection of transformed cells is 
described below. 

Moreover, the invention relates to host cells transformed 
with the recombinant DNAs described above, namely host 
cells which are transformed with a DNA encoding the heavy 25 
chain and/or a DNA encoding the light chain of the desired 
recombinant antibody, in particular host cells transformed 
with a DNA encoding the preferred single-chain recombi- 
nant antibody. 

More specifically, the invention concerns a host cell 30 
which has been transformed with a hybrid vector comprising 
an expression cassette comprising a promoter and a DNA 
coding for a protein of the invention selected from the group 
consisting of a heavy chain murine variable domain, a light 
chain murine variable domain, a heavy chain murine van- 35 
able domain and a light chain murine variable domain, a 
single-chain recombinant antibody, a fusion protein, and a 
fusion protein further comprising a peptide facilitating puri- 
fication, a cleavage site and a peptide spacer which DNA is 
controlled by said promoter. 40 

Furthermore, the invention pcitoics to a host cell which 
has been transformed with a hybrid vector comprising an 
expression cassette comprising a promoter operably linked 
to a first DNA sequence encoding a signal peptide linked in 
the proper reading frame to a second DNA sequence encod- 45 
ing a protein of the invention selected from the group 
consisting of a heavy chain murine variable domain, a light 
chain murine variable domain, a heavy chain murine vari- 
able domain and a light chain murine variable domain, a 
single-chain recombinant antibody, a fusion protein, and a 50 
fusion protein further comprising a peptide facilitating puri- 
fication, a cleavage site and a peptide spacer. 

In particular, the present invention relates to a process for 
the production of a protein of the invention selected from the 
group consisting of a heavy chain murine variable domain, 55 
a light chain murine variable domain, a heavy chain murine 
variable domain and a light chain murine variable domain, 
a single-chain recombinant antibody, a fusion protein, and a 
fusion protein further comprising a peptide facilitating puri- 
fication, a cleavage site and a peptide spacer comprising 60 
cuituring a host, e.g. £ coli, which has been transformed 
with a hybrid vector comprising an expression cassette 
comprising a promoter operably linked to a first DNA . 
sequence encoding a signal peptide linked in the proper 
reading frame to a second DNA sequence encoding said 65 
protein, and isolating said protein. The host cells of the 
present invention have to be capable of culture in vitro. 
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Suitable host cells are of procaryotic or of eucaryotic origin 
and are, for example, bacterial cells, eg. E. coli, yeasts, e.g. 
Saccharomyces cerevisiae, or mammalian cells. For the 
preparation of functional chimeric human/mouse antibodies 
the host cells have to be of higher eucaryotic origin to 
provide a suitable environment for the production of activ . 
antibodies, since the biosynthesis of functional tetrameric 
antibody molecules requires correct nascent polypeptide 
chain folding, glycosylation, and assembly. 

Examples of suitable hosts are microorganisms which are 
devoid of or poor in restriction enzymes or modification 
enzymes, such as bacteria, in particular strains of Escheri- 
chia coli, for example E. coli XI 776, K coli Y1090, R coli 
HB 101, E. coli W3110, E. coli HB1O1/LMI035, K coli J A 
221, E coli DH5cc £ coli K12, or E. coli CC118 strain, 
Bacillus subtilis, Bacillus stearoihermophilus, Pseudomo- 
nas, Haemophilus, Streptococcus and others, and yeasts, for 
example Saccharomyces cerevisiae such as S. cerevisiae 
GRF 18. Further suitable host cells are cells of higher 
organisms, in particular established continuous human or 
animal cell lines, e.g. human embryonic lung fibroblasts 
LI 32, human malignant melanoma Bowes cells, HeLa cells, 
SV40 virus transformed kidney cells of African green mon- 
key COS-7 or Chinese hamster ovary (CHO) cells, or cells 
of lymphoid origin, such as lymphoma, myeloma, hybri-. 
doma, trioma or quadroma cells, for example PAI, Sp2/0 or 
X63-Ag8.653 cells. 

The above mentioned strains of E. coli, in particular E. 
coli CC118, are preferred as hosts. 

The invention also concerns processes for the preparation 
of transformed host cells wherein suitable recipient host 
cells as described hereinbefore are transformed with a 
hybrid vector according to the invention, and the trans- 
formed cells are selected. 

Transformation of microorgambins is carried out as 
described in the literature, for example for S: cerevisiae (A. 
Hinnen et al., Proc. Nad. Acad. Sci. USA 75: 1929, 1978), 
for B. subtilis (Anagnostopoulos et al., J. BacterioL 81: 741, 
1961), and for E. coli (M Mandel et al., J. Mol. Biol. 53: 
159, 1970). 

Accordingly, the transformation procedure of E. coli cells 
includes, for example, Ca 2+ pretreaiment of the cells so as to 
allow DNA uptake, and incubation with the hybrid vector. 
The subsequent selection of the transformed cells can be 
achieved, for example, by transferring the cells to a selective 
growth medium which allows separation of the transformed 
cells from the parent cells dependent on the nature of the 
marker sequence of the vector DNA. Preferably, a growth 
medium is used which does riot allow growth of cells which 
do not contain the vector. The transformation of yeast 
comprises, for example, steps of enzymatic removal of the 
yeast cell wall by means of glucosidases, treatment of the 
obtained spheroplasts with the vector in the presence of 
polyethylene glycol and Ca 2 "" ions, and regeneration of the 
cell wall by embedding the spheroplasts into agar. Prefer- 
ably, the regeneration agar is prepared in a way to allow 
regeneration and selection of the transformed cells as 
described above at the same time. 

Transformation of cells of higher eucaryotic origin, such 
as mammalian cell lines, is preferably achieved by trans- 
fection lYansfection is carried out by conventional tech- 
niques, such as calcium phosphate precipitation, microin- 
jection, protoplast fusion, electroporation, i.e. introduction 
of DNA by a short electrical pulse which transienUy 
increases the permeability of the cell membrane, or in the 
presence of helper compounds such as diethylaminoethyl- 
dextran, dimethyl sulfoxide, glycerol or polyethylene glycol. 
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and the like. After the transfection procedure, transfected 
cells are identified and selected, for example, by cultivation 
in a selective medium chosen depending on the nature of the 
selection marker, for example standard culture media such 
as Dulbccco's modified Eagle medium (DMEM), minimum 
essential medium, RPMI 1640 medium and the like, con- 
taining e.g. the corresponding antibiotic. 

The host cells are transformed with the recombinant 
L-chain gene construct alone, with the recombinant H-chain 
gene construct alone, with both, either sequentially or simul- 
taneously, or by using a vector construct comprising both the 
L-chain and H-chain genes, for example a recombinant 
single-chain antibody gene construct as indicated hereinbe- 
fore. 

Preferred are host cells transformed with a recombinant 
single-chain antibody gene construct comprising DNA cod- 
ing for the heavy chain variable domain of an ami-c-erbB-2 
snUbcdy, DNA cqjtfiig for a spacer group, DNA coding for 
the light chain variable Papain of an anti-c-erbB-2 antibody 
and DNA codittg fpj effector molecule, in particular 20 
transfected with the preferred recombinant single-chain anti- 
body gene construct as indicated hereinbefore. Further 
examples of host cells of the invention are cells transferred 
with similar recombinant plasmids which contain alternative 
orientations of the H- and L-chain gene constructs, and those 
incorporating additional DNA elements to facilitate high 
levels of expression of the recombinant antibodies. 

The host cells of the invention are genetically stable, 
secrete recombinant antibodies of the invention of constant 
specificity and can be activated from deep-frozen cultures by 
thawing and recloning. 

The transformed host cells are cultured by methods 
known in the art in a liquid medium containing assimilable 
sources of carbon, e.g, carbohydrates such as glucose or 
lactose, nitrogen, e.R. amino acids, peptides, proteins or their 35 
degradation products such as peptones, ammonium salts or 
the like, and inorganic salts, e.g. sulfates, phosphates and/or 
carbonates of sodium, potassium, magnesium and calcium. 
The medium furthermore contains, for example, growth- 
promoting substances, such as trace elements, for example 40 
iron, zinc, manganese and the like. 

The medium is preferably so chosen as to exert a selection 
pressure and prevent the growth of cells which have not been 
transformed or have lost the hybrid vector. Thus, for 
example, an antibiotic is added to the medium if the hybrid 45 
vector contains an antibiotic resistance gene as marker. If, 
for instance, a host cell is used which is auxotrophic in an 
essential amino acid whereas the hybrid vector contains a 
gene coding for an enzyme which complements the host 
defect, a minimal medium deficient of said amino acid is 
used to culture the transformed cells. 

Cells of higher eucaryotic origin such as mammalian cells 
are grown under tissue culture conditions using commer- 
cially available media, for example Dulbccco's modified 
Eagle medium (DMEM), minimum essential medium, 
RPMI 1640 medium and the like as mentioned above, 
optionally supplemented with growth-promoting substances 
and/or mammalian sera. Techniques for cell cultivation 
under tissue culture condition are well known in the art and 
include homogeneous suspension culture, e.g. in an airlift eo 
reactor or in a continuous stirrer reactor, or immobilized or 
entrapped cell culture, eg. in hollow fibres, microcapsules, 
on agarose microbeads, porous glass beads, ceramic car- 
tridges, or other raicrocarriers. 

Culturing is effected by processes which are known in the 
art The culture conditions, such as temperature, pH value of 
the medium and fermentation time, are chosen so that a 
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maximum titer of the polypeptide or derivative of the 
invention is obtained. Thus, an E. coli or yeast strain is 
preferably cultured under aerobic conditions by submerged 
culture with shaking or stirring at a temperature of about 20° 
C. to 40° G, preferably at about 30° C, and a pH value of 
4 to 8, preferably of about pH 7, for about 4 to 30 hours, 
preferably until maximum yields of the polypeptide or 
derivative of the invention are reached. 

When the cell density has reached a sufficient value, the 
culture is interrupted and the polypeptide or derivative can 
be isolated If the hybrid vector contains a suitable secretion 
signal sequence, the polypeptide or derivative is secreted by 
the transformed cell directly into the culture medium. Oth- 
erwise, the cells have to be destroyed, for example by 
treatment with a detergent such as SDS, NP-40™, Triton™ 
or deoxycholic acid, lysed with lysozyme or a similarly 
acting enzyme, or disrupted by an osmotic shock or ultra- 
sound. Break-up of the cells will also be n^uired if the 
signal sequence directs the secretion of the desired protein 
into the cell periplasm. If yeast is used as a host microor- 
ganism, the cell wall may be removed by enzyniatic diges- 
tion with a glucosidase. Alternatively or additionally, 
mechanical forces, such as shearing forces (e.g. French 
press, Dy no mill and the like) or shaking with glass beads or 
aluminium oxide, or alternating freezing, for example in 
liquid nitrogen, and thawing, for example at 30° C. to 40° C, 
as well as ultra-sound can be used to break the cells. 

The cell supernatant or the solution obtained after cen- 
trifugation of the mixture obtained after breaking the cells, 
which contains proteins, nucleic acids and other cell con- 
stituents, is enriched in proteins, including the polypeptides 
of the invention, in a manner which is known per se. Thus, 
for example, most of the non-protein constituents are 
removed by polyethylerieimine treatment and the proteins 
including the polypeptides and derivatives of the invention 
are precipitated, for example, by saturation of the solution 
with ammonium sulfate or with other salts. Otherwise, the 
ceil supernatant or lysate is directly pre-purified by filtering 
through suitable membranes and/or with chromatographic 
methods, for example affinity chromatography. 

The recombinant antibodies and the monoclonal antibod- 
ies according to the invention can be used for the qualitative 
and quantitative detennination of the extracellular domain of 
the growth factor receptor c-erbB-2. This is especially useful 
for the monitoring of tumor progression, for the decision 
whether a tumor is amenable to treatment with the recom- 
binant or monoclonal antibodies of the invention, and for 
monitoring the treatment of tumor with chemotherapy. 
Tumors considered are those over-expressing c-erbB-2, for 
example breast and ovarian tumors. 

In general, the monoclonal and the recombinant antibod- 
ies according to the invention can be used in any of the 
known immunoassays which rely on the binding interaction 
between the antibodies and the antigen, i.e. the extracellular 
domain of the c-erbB-2 protein. Examples of such assays are 
radio-, enzyme, fluorescence, chemiluminescence, imrauno- 
predpitation, latex agglutination^ and hemagglutination 
immunoassays, and, in particular, irnmunostairiing methods. 

The antibodies according to the invention can be used as 
such or in the form of enzyme-conjugated derivatives in an 
enzyme immunoassay. Any of the known modifications of 
an enzyme immunoassay can be used, for example soluble 
phase (homogeneous) enzyme immunoassay, solid phase 
(heterogeneous) enzyme immunoassay, single enzyme 
immunoassay or double (sandwich) enzyme immunoassay 
with direct or indirect (competitive) determination of the 
c-erbB-2 protein. 
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An example of such an enzyme immunoassay is a sand- prising streptavidin is used, enzyme substrate in solid or 

wich enzyme immunoassay in which a suitable carrier, for dissolved form, standard solutions of c-erbB-2 protein, 

example the plastic surface of a microliter plate or of a test buffer solutions, and, optionally, polypeptides or detergents 

tube, e.g. of polystyrene, polypropylene or poly vinylchlo- for preventing non-specific adsorption and aggregate forma- 

ride, glass or plastic beads, filter paper, dextran etc. cellulose 5 tion, pipettes, reaction vessels, calibration curves, instruc- 

acetate or nitrocellulose sheets, magnetic particles or the tion manuals and the like. 

like, is coated with a monoclonal antibody of the invention Test kits according to the invention for iinmunostaining 
by simple adsorption or optionally after activation of the contain, for example, optionally freeze-dried or concen- 
carrier, for example with glutaraldehyde or cyanogen bro- trated solutions of a recombinant antibody comprising an 
rnide. Then test solutions containing the soluble c-erbB-2 10 enzyme or streptavidin, solutions of an enzyme-biotin con- 
protein and finally single-chain recombinant antibodies of jugate if a recombinant antibody comprising streptavidin is 
the invention comprising a detectable enzyme, e.g. alkaline used, enzyme substrate in solid or dissolved form, buffer 
phosphatase, are added. Hie amount of the soluble c-erbB-2 solutions, and, optionally, pipettes, reaction vessels, calibra- 
protein in the test solution is directly proportional to the lion curves, instruction manuals and the like, 
amount of bound recombinant antibody and is determined 15 The recombinant and monoclonal antibodies of the inven- 
by adding an enzyme substrate solution. The enzyme sub- tion can be used for the qualitative and quantitative deter- 
strate reaction results, for example, in a color change which raination of c-erbB-2 protein. Due to the fact that the growth 
can be observed by eye or <with optical measuring devices. factor receptor c-erbB-2 is overexpressed in certain tumor 

The antibodies according to the^ravention can be used as types, for example breast and ovarian tumors, the antibodies 

such or in the form of radioactiveiy labelled derivatives in a 20 are particularly well suited for detection and monitoring of * 

radioimmunoassay (RIA). As described above for enzyme the mentioned tumors. In addition, radiolabeiled derivatives 

immunoassays, any of the known modifications of a radio- of me antibodies of me invention may be used for the in vivo 

immunoassay can be used. localization of tumors in a patient using rescanning 

The tests are carried out in an analogous manner to the techniques. To that end, radiolabeiled derivatives of anti- 
enzyme immunoassays described above using a radioactive 25 bodies of the invention are injected into the patient, and the 
label, e.g. I, instead of an enzyme label. The amount of patient scanned with a gamma imager at regular intervals, 
immune complex formed which corresponds to the amount Cells over-expressing the growth factor receptor c-erbB-2 
of c-erbB-2 protein present in the test solutions is deter- will take up more radioactive antibodies than other tissue 
mined by measuring the radioactivity of the immune com- and will be clearly recognized by the gamma imaging 
P Ie ^* 30 camera. Preferentially recombinant or monoclonal antibod- 

For uiUTumostaining cryosections of cryopreserved ies labelled with 131 I or with "Tc are used for radioscan- 

biopsy material or paraffin embedded tissue sections are ning in amounts of 3 to 8 ug representing 15 to 30 uQ per 

treated with a solution containing a recombinant antibody of kg body weight 

the invention comprising a detectable enzyme. Bound The antibodies of the invention can further be used for the 

recombinant antibody is detected by treatment with a suit- 35 isolation and purification of the c-erbB-2 protein from 

able enzyme substrate, preferably an enzyme substrate natural sources or from transformed host cells by irnrnu- 

which leads to a solid deposit (stain) at the site of the noaffinity chromatography. 

recombinant antibody of the invention. In place of recom- Furthermore, the monoclonal antibodies and the recom- 
binant antibodies comprising an enzyme, a recombinant binant antibodies of the invention, m particular recombinant 
antibody comprising streptavidin and a solution of a biotin- 40 antibodies comprising an effector molecule, especially a 
enzyme-conjugate may be used, -which leads to higher toxin, in particular Pseudomonos exotoxin, are useful forme 
enzyme concentration at the site of the antibody and hence treatment of patients with tumors over-expressing the 
increased sensitivity of the immunostaining method The growth factor receptor c-erbB-2, for example breast or 
solid deposit of the enzyme substrate is detected by inspec- ovarian tumors. If it is desired, tumor therapy may comprise 
tion with a microscope, for example with a fluorescence 45 applying more than one, e.g. two different, antibodies of the 
microscope, or by scanning the optical density at the wave- invention, for example applying both FRP5 and FWP51. 
length of the stain. The recombinant antibodies comprising a phosphatase may 
The use according to the invention of recombinant and/or be used in connection with a phosphorylated prodrug such as 
monoclonal antibodies as described hereinbefore for the . mitomycin phosphate or etoposide phosphate, thus enabling 
determination of c-erbB-2 protein also includes other immu- 5b the conversion of the active drug to the prodrug at the site 
noassays known per se, for example immunofluorescence of the tumor 

assays, latex agglutination with antibody-coated or antigen The invention therefore also concerns pharmaceutical 

coated latex particles, hemaggluiination with antibody- compositions for treating tumors over-expressing the growth 

coated or antigen-coated red blood corpuscles, evanescent factor receptor c-erbB-2 comprising a therapeutically effec- 

hght assays using an antibody-coated optical fibre and other 55 live amount of a recombinant antibody or of a monoclonal 

direct-acting immunosensors which convert the binding antibody according to the invention and a pharmaceutically 

event into an electrical or optical signal, or the like. acceptable carrier. Preferred are pharmaceutical composi- 

The invention also concerns test kits for the qualitative lions for parenteral applicatioa Compositions for intramus- 

and quantitative determination of c-erbB-2 protein corapris- cular, subcutaneous or intravenous application are e.g. iso- 

mg recombinant antibodies of the invention and/or mono- 60 tonic aqueous solutions or suspensions, optionally prepared 

clonal antibodies of the invention and, optionally, adjuncts. shortly before use from lyophtlized or concentrated prepa- 

Test kits according to the invention for an enzyme immu- rations. Suspensions in oil contain as oily component the 

noassay contain, for example, a suitable carrier, optionally vegetable, synthetic or semi-synthetic oils customary for 

frwze-dried solutions of a monoclonal antibody, optionally injection purposes. The pharmaceutical compositions may 

treeze-dned or concentrated solutions of a recombinant 65 be sterilized and contain adjuncts, e.g. for conserving, 

antibody comprising an enzyme or streptavidin, solutions of stabilizing, wetting, emulsifying or soiubilizing the ingre- 

an enzyme-biotin conjugate if a recombinant antibody com- dients, salts for the regulation of the osmotic pressure, buffer 
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and/or compounds regulating the viscosity, e.g. sodium 
carboxycellulose, carboxyrnethyl cellulose, sodium car- 
boxymethylcellulose, dextran, polyvinylpyrrolidine or 
gelatine. 

Hie pharmaceutical compositions of the invention contain 
from approximately 0.01% to approximately 50% of active 
ingredients. They may be in dosage unit form, such as 
ready-to-use ampoules or vials, or also in lyophylized solid 
form. 

In general, the therapeutically effective dose for mammals 
is between approximately 5 and 25 ug of a recombinant 
antibody of the invention or of a monoclonal antibody of the 
invention per kg body weight depending on the type of 
antibody, the status of the patient and the mode of applica- 
tion. The specific mode of administration and the appropri- 
ate dosage will be selected by the attending physician taking 
into account the particulars of the patient, the state of the 
disease, the type of tumor, treated, and the like. The phar- 
maceutical compositions of the^invention are prepared by 
methods known in the an, e.g. by conventional mixing, 20 
dissolving, confectioning or lyophilizing processes. Phar- 
maceutical compositions for injection are processed, filled 
into ampoules or vials, and sealed under aseptic conditions 
according to methods known in the art. 

The invention particularly concerns the monoclonal anti- 25 
bodies, the hybridoma cell lines, the recombinant single- 
chain antibodies, the recombinant DNAs, the transformed 
host cells, and the methods for the preparation thereof as 
described in the Examples, The following examples illus- 
trate the invention but do not limit it to any extent 



Abbreviations 



ATP adenosine triphosphate 

BSS Earie's balanced salt solution 

BSA bonne serum aSnmnn 

DEAE diethylaminoethyl 

DMEM Dulbecco's modified Eagle's medium 

dNTP deoxynucleotide triphosphate 

DTT diihioaiieitol 

EDTA di sodium »*hy li»w*fipTTWH ffrirafl ?yt stft 

EOF epidermal growth factor 

tetraacctic acid 

PCS fetal calf scrum 

HAT medium hypo xanthine, andnopterin and thymidine medium 

HEPES N-2-hydroxyethylpiperm 
acid 

HT medium bypo xanthine and thymidine medium 

lg immunoglobulin 

ZFTG ■■ iscfropyl-fi-thjogfthrtmide 

MAb monoclonal antibody 

PBS phosphate-buffered saline 

PCR polymerase chain reaction 

PMSF phcnytmethyltulfbxryl fluoride 

SDS-PAGE sodium dodecyl sulfate-poh/acrylanri de gel 

electrophoresis 

Tris Tri^(hydroxymcmyl)-ami pome thane 

U unit 

V L Hgtu chain variable domain 

V H heavy chain variable domain 

XP 5-bro mo -4-chloro-3-indoI yl phosphate p-tolutdine 
salt 



EXAMPLES 60 
Example 1 

Preparation of Hybridoma Cell lines FRP5, FSPI6, 
FWP51 and FSP77 

1.1 Source of antigen and immunization of Balb/c mice: 
The SKBR3 human breast tumor cell line (ATCC HTB 30), 
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isolated in 1970 from a pleural effusion of a breast cancer 
patient, expresses approximately IxlO 6 molecules of the 
c-erbB-2 receptor protein per cell. 20x10° SKBR3 cells in 
PBS are injected subcutaneously and/or intraperitoneal Iy 
into Balb/c mice. The cells are mixed 1:1 (v/v) with com- 
plete Freund's adjuvant. The injections are repeated a total 
of five times over the period of approximately 3 months 
replacing Freund's incomplete adjuvant for complete adju- 
vant. The final injection of cells is given three days before 
the fusion. 

1 2 Cell fusion: Immunized mice are sacrificed and their 
spleoocytes fused according to conventional methods (Koe- 
hler & Milstein, Nature 256: 495, 1976). Spleen cells are 
mixed at a 5:1 to 10:1 ratio with the fusion partner, the 
mouse myeloma cell line PAI (Stoker et al. f Research 
Disclosure #21713, 1982), in the presence of 41% polyeth- 
ylene glycol 4000 (Merck). Fused cells are plated at a 
density of lxl 0 e cells per well in 24- well microliter plates 
on peritoneal macrophages and fed 3 times per week with 
standard HAT selection medium for 2 weeks followed by 2 
weeks of HT medium. When the growth of hybridoma cells 
becomes visible, the supematants are screened as described 
in Example 1.3. Positive hybridomas are cloned and stored. 

1 .3 Antibody detection in hybridoma supematants: Cul- 
ture fluids of growing hybridomas are tested for the presence 
of anti-c-erbB-2 antibody using a protocol involving two 
steps, inununofluorescence and immunoprecipitation. 

1.3.1 Immunofluorescence: In the first step, hybridoma 
supematants are tested for their imniunofiuorescent staining 
of mouse cells expressing high levels of the human c-erbB-2 
protein. To isolate these cells the HC11 mouse mammary 
epithelial cell tine (Ball at al., EMBO J. 7: 2089, 1988) is 
transfected according to conventional, previously described 
methods (Graham & van der Eb, Virology 52: 456, 1973) 
with a plasmid expressing the human c-erbB-2 protein 
(Masuko et al, Jpn. Cancer Res. 80: 10, 1989) and with the 
plasmid pSV2neo (Southern & Berg, J. Mol. Appl. Genet 1 : 
327, 1982) which encodes the gene forresistance to the drug 
G418. Transfected cells are selected 2 weeks in medium 
containing 200 ug/ml G418 (Geneticin, Gibco-BRL). Indi- 
vidual clones are selected and analyzed for expression of the 
human c-erbB-2 protein using conventional protein blotting 
techniques (Towbin et al., Proa Natl. Acad. Sci. USA 76: 
4350, 1979). A clone expressing high levels of the human 
c-erbB-2 protein (clone Rl#ll) is selected and used in the 
immuno fluorescent assay. Non-transfected HC11 cells serve 
as control ceils. 

The assay is done in the following manner The cells 
(Rl#ll or HC11) are grown in RPMI medium containing 
8% heat inactivated FCS (Amimed), 10 ng/ml EGF (Ino- 
tech) and 5 ug/ml insulin (Sigma) for 1-2 days on fibronec- 
tin (Boehringer Mannheim) coated cover slips. Kbronectin 
coated cover slips are prepared and stored at room tempera- 
ture and they are used routinely for screening. The cover- 
slips are rinsed in PBS containing calcium and magnesium 
and fixed by treatment for 10 min with 3.7% formaldehyde 
(v/v in PBS), lb reduce the non-specific binding the cover- 
slips are incubated 20 min in PBS containing 3% BSA 
(Sigma). The coverslips are washed in PBS and in water, 
then allowed to dry at room temperature. 20-30 ul of 
hybridoma supematants are added to circled areas on a 
coverslip which is incubated 1-2 h at room temperature in 
a humified atmosphere. The coverslips are then washed three 
times with PBS containing 0.05% Triton-X 100™ (Fluka) 
and incubated an additional hour with anti-mouse Ig, fluo- 
rescein-! inked whole antibody from sheep (Amersham). 
After three washes with PBS and one wash with water the 
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cells arc screened for fluorescence using a fluorescence 
microscope and a water immersion lens. Those hybridbraa 
supematants which are positive are screened in the second 
step described in Example 1.3.2. 

L3.2 ImmuQoprecipitaiion and protein blotting analysis: 5 
The SKBR3 human breast tumor cells express approxi- 
mately 1x1 0 6 molecules of the c-erbB-2 protein per cell. A 
cell lysate is prepared by extracting approximately 4xl0 6 
cells in 1 ml of buffer containing 1% Triton-XiOO™ (Fluka), 
50 mM Tris-HCl, pH 7.5, 5 mM EGTA, 0. 15M Nad, 1 mM "> 
PMSF (Boehringer Mannheim), 80 pg/ml aprotinin (Boe- 
hringer Mannheim), 50 ug/ml leupeptin (Boehringer Man- 
nheim), and 4 ug/ml pepstalin (Boehringer Mannheim). 
200-500 uJ supernatant of hybridomas which are posiu* ve in 
the immunofluorescence assay described in Example 1.3.1 15 
are incubated with 100 ul of the SKBR3 extract (2.5-4.0 
mg/ml). This amount of extract contains approximately 
50-100 ng of c-erbBr2 protein. The hybridoma supematants 
and SKBR3 extract are incubated overnight on ice, then 1 ul 
of the IgG fraction of sheep anti-mouse Ig (ICN Immuno- 20 
biologicals) is added. ITie complexes are collected by the 
addition of Protein-A Sepharose™ (Pharmacia), washed 
with TNjET (140 mM NaCl, 50 mM Tris-HCl, pH 7.5, 5 mM 
EDTA, 1% Triton X-100™) and water, boiled in sample 
buffer (80 mM Tris-HQ, pH 6.8, 0.2% SDS, 10% glycerol) 25 
and the supematants loaded onto 8% SDS-PAGE. The 
proteins are electrophoresed and blotted onto PVDF mem- 
branes (Millipore) using a technique originally described by 
Towbin et al. (Proc. Nad. Acad. Sci. USA 76: 4350, 1979) 
with some. modifications. The proteins are transferred using 30 
a semi-dry blotter (G. Frobel, Model 1004.01) following the 
instructions of the manufacturer. The membranes are 
blocked in PBS containing 0.5% gelatin (Merck) for 1 h at 
37° C. The membranes are washed twice for 5 min at 37° C. 
in PTG (PBS containing 0.02% gelatin (Merck) and 0.25% 35 
Triton-XlOO™ (Fluka)). The c-erbB-2 protein is detected by 
incubating the membrane 45 min at 37° C. in FTG contain- 
ing an antiserum which is raised against the carboxy termi- 
nal 13 amino acids of the c-erbB-2 protein (Gullick et al., 
Int. J. Cancer 40: 246* 1587, antiserum 21N). The mem- & 
braaes are washed"? times for 5 mm at 37° C. iu PTG. The 
membrane-bound 21N antiserum is detected by incubating 
the membrane in PTG containing 0.1 uC/ml 125 Mabeled 
protein-A (Amersham). The membranes are washed 4 times 
for 5 min at 37° C. in PTG and exposed to X-ray film. The 45 
hybridomas whose supematants are able to specifically 
immunoprecipitate the c-crbB-2 protein are grown for single 
cell cloning and further characterization described below. 

Example 2 50 

Characterization of c-erbB-2 Specific M Abs 

2. 1 Hybridoma storage and processing: Hybridoma FRP5, 
FSP16, FWP51 and FSP77 secreting anti-c-erbB-2 MAb 55 
FRP5, FSP16, FWP51 and FSP77, respectively, can be 
grown in culture, frozen at --80° C. or in liquid nitrogen and 
reactivated The cells are cloned by the method of limiting 
dilution and/have been deposited with the European Col- 
lection of Animal Cell Lines in England. The hybridoma cell 60 
lines have the following access numbers: FRP5: 90112115, 
FSP16: 90112116, FSP77: 90112117, FWP51: 90112118. 
The cells are expanded by forming ascites in Balb/c mice 
primed with pristane. The antibodies are purified from the 
ascites by ammonium sulfate precipitation and ion exchange 65 
chromatography on DE 52 DEAE-cellulose columns (What- 
man). Purified MAbs are stored in PBS at -80° C 



2.2 Isotyping of the MAbs: The isotype of the MAbs 
FRP5, FSP16, FWP51 and FSP77 is determined by EL1SA 
analysis with rabbit antisera to mouse Ig classes and sub- 
classes (Biorad Mouse TyperTMSub Isotyping Kit™) as per 
manufacturer's suggested procedure. MAbs FRP5, FWP51, 
and FSP77 are of the IgG I isotype, while FSP16 is of the 
IgG2b isotype. TTie light chains of all the MAbs are of the 
kappa type. 

2.3 Flow cytometry: A FACS analysis using the c-erbB-2 
specific MAbs is carried out as follows: SKBR3 human 
breast tumor cells are trypsinized, washed in FACS medium 
(BSS containing 10 uM sodium azide, 4% FCS and 25 mM 
EDTA), and 1x10 s cells arc resuspended in 100 ul of FACS 
medium. Non-specific binding sites are blocked by incubat- 
ing the cells 10 min at room temperature with 5 ul of goat 
serum. The SKBR3 cells are collected by centrifugation, 
resuspended in 50 ul of a 1:2 dilution of the supernatant 
made in FACS medium and incubated 45 min on ice. The 
cells are washed with 4 ml FACS medium, collected by 
centrifugation, resuspended in 50 ul of FACS medium 
containing a 1:20 dilution of anti-mouse Ig, fiuorescein- 
linked whole antibody from sheep (Amersham), and incu- 
bated for 30 min on ice. 4 ml of FACS medium are added, 
the cells are collected by centrifugation, resuspended in 100 
ul of FACS medium and analyzed without fixation for their 
fluorescence in a Becton-Dickinson FACScan™; As a con- 
trol, SKBR3 cells are incubated with a non-reacting IgGl 
MAb (1236S31-3). The FACS analysis shows that the 
SKBR3 cells treated with MAb FRP5, FSP16, FWP51, and 
FSP77 have a higher fluorescence than cells treated with the 
control MAb. These results show that the MAbs bind to the 
extracellular domain of the c-erbB-2 protein. 

2.4 Binding domain of c-erbB-2 specific MAbs: MAbs 
FRP5 and FSP77 are covalently linked with 125 1 (as carrier 
free sodium 1Z5 iodide, Amersham) to a specific activity of 1 
uC/ug using Iodogen (l,3,4,6-tetrachloro-3a,6a-diphenylg- 
lycouril, Sigma) according to a standard protocol (Antibod- 
ies: A Laboratory Manual, Cold Spring Harbor Laboratory, 
1988, p. 330). Competition experiments are conducted by 
incubating SKBR3 cells (0.5-lxl0 5 cells per 15 mm well, 
Nunclon™ 4-well multidish) with 250 ul RI A buffer (120 
mM Nad, 50 mM HEPES. pH 7.8, 1 mM EDTA, 2% BSA) 
containing labeled FRP5 or FSP77 and varying amounts of 
unlabeled MAb FRP5, FSP16, FWP51 and FSP77 for 2 h at 
4° C The cells are washed 5 times with the RIA buffer, 
solubilized in 0.5 ml \% Triton X-100™, 10% glycerol, 20 
mM HEPES, pH 7.4, for 30 min at room temperature and the 
bound radioactivity is measured in a gamma counter. The 
results show mat MAbs FRP5 and FSP16 compete with each 
other for binding to SKBR3 cells which suggests that these 
2 MAbs bind to the same domain on the c-erbB-2 protein. 
MAbs FWP51 and FSP77 neither compete with each other 
nor with FRP5 or FSP16 for binding to the c-erbB-2 protein. 
In conclusion, the panel of 4 MAbs bind to 3 different 
domains of the extracellular portion of the c-erbB-2 mem- 
brane receptor tyrosine kinase. 

Example 3 

Isolation of RNA from the Hybridoma Cell Line 
FRP5 

3.1 Growth of FRP5 cells: FRP5 hybridoma cells (1x10 s ) 
are grown in suspension culture at 37° C. in DMEM 
(Seromed) further containing 10% FCS (Arnimed), 1 mM 
sodium pyruvate (Seromed), 2 mM glutainine (Seromed), 50 
uM 2-mercaptoethanol and 100 ug/ml of gentamycin 
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(Seromed) in a humidified atmosphere of air and 7.5% C0 2 
in 175 cm tissue culture flasks (Falcon 3028). The cells are 
harvested by . centrifugation, washed once in PBS, flash 
frozen in liquid nitrogen and kept frozen as a pellet at -80° 
C. in a clean, sterile plastic capped tube. s 

3.2 Extraction of total cellular RNA from FRP5 cells: 
Total RNA is extracted using the acid guanidinium thiocy- 
anate-phenol-chloroform method described by Chomczyn- 
ski & Sacchi (Anal. Biochera. 162: 156 t 1987). Cell pellets 
of FRP5 cells (1x10 s ) are thawed directly in the tube in the 10 
presence of 10 ml of denaturing solution (4M guanidinium 
thiocyanate (Fluka), 25 mM sodium citrate, pH 7.0, 0.5% 
N-lauroylsarcosine (Sigma), 0.1M 2-mercaptoethanol). The 
solution is homogenized at room temperature. Sequentially, 

1 ml of 2M sodium acetate, pH 4, 10 ml of phenol (water 15 
saturated) and 2 ml of chloroforra-tsoamyl alcohol mixture 
(49:1) are added to the homogenate. The final suspension is 
shaken vigorouslyjor ,1ft sec and cooled on ice for 15 min. 
The samples are centrifb^cl at 10,000xg for 20 min at 4° C. 
After ccntrifugadon, RNA which is present in the aqueous 20 
phase is mixed with 10 ml of isopropanol and placed at -20° 
C. for 1 h. The RNA precipitate is collected by centrifuga- 
tion, the pellet dissolved in 3 ml water and the RNA 
reprecipitated by addition of I volume of isopropanol at 
-20° C. After centrifugation and washing the pellet in 25 
ethanol, the finaj pellet of RNA is dissolved in water. The 
method yields approximately 300 ug of total cellular RNA. 
The final purified material is stored frozen at -20° C. 

3.3 Isolation of poly(A) containing RNA: Poly(A) con- 
taining RNA is selected from total RNA by chromatography 30 
on oligo(dT)-celiulose (Boehringer Mannheim) as described 
originally by Edmonds et al. (Proc. Natl. Acad Sci. USA 68: 
1336, 1971) and modified by Maniatis et al. (Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Labo- 
ratory, 1982, p. 197). The poly(A)^ontaining RNA is pre- 35 
pared as described in the published procedure with the 
exception that the RNA is eluted from the oligd(d"Rcellulose 
with water rather than SDS-containing buffer. The poly(A)- 
containing RNA is precipitated with ethanol and collected 
by centrifugation; The yield of poly(A)-containing RNA is 40 
approximately 30 ug from 3G0*ug of total cellular RNA. The 
final purified material is stored frozen at -20° C. 
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Example 4 

Cloning of Functional Heavy and Light Chain 
Rearrangements from the FRP5 Hybridoma Cell 
line 
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Poly(A)-containing RNA isolated from FRP5 hybridoma 
cells as described in Example 3.3 provides the source for 
cDNA synthesis and subsequent amplification of V-region 
rninigenes. Amplification products of the expected size are 
purified from agarose gels and cloned into appropriate 35 
vectors. Functional rearrangements are identified by 
sequencing. 

4.1 Oliogonucleotides: MCK2 is designed to be comple- 
mentary to a^region in the murine immunoglobulin k (kappa) M 
constant minigene. 

5*-TCACTOOArOaTGGOAAOATGOA-3' 

MCHC2 is designed to be complementary to a region in 
the murine immunoglobulin yl constant minigene. 6* 

y-AGArCCAGGGGCCAGTGOATAOA-3' 



The oligonucleotides VH1FOR, VHIBACK, VK1FOR, 
and VK1BACK are designed by Orlandi et al. (Proa Natl. 
Acad. Sci. USA 86: 3833, 1989) to match consensus 
sequences. 

VH1POR: S'-TGACCAGACGGTGACCGTGGTCXXnTG- 
GCCCCAG-3' 

VHIBACK: 5-AGGT(CyGK(VA)A(G^A)CTGCAG(G/C)AGTC(T/ 
AXJG-3' 

VK1FOR; 5 , -GTTAGATCTCCAGCTKXn , <C/G)OCOG)-3' 
VK1BACK; y-GACAirCAGCTGACCCAGTCrOCA-3' 

4.2 cDNA synthesis: 55 ng of poly(A)-containing RNA is 
dissolved in a buffer containing 50 mM THs-HCl, pH 8.3, 
mM magnesium chloride, 10 mM DTT, 75 mM KC3, 400 
uM dNTPs (N=G, A, T and C), 100 ug BSA (molecular 
biology grade, Boehringer Mannheim), 100 U RNAse 
inhibitor (Boehringer Mannheim), 25 pmol MCK2 and 25 
pmol MCHC2. The RNA is denatured at 70° C. for 5 rrrin ' 
and then chilled on ice for 2 min. After addition of 200 U of 
MMLV reverse transcriptase (Gibco, BRL) cDNA synthesis 
is achieved by incubation for 1 h at 37° C 

4.3 Polymerase chain reaction: One tenth of the cDNA 
reaction is used for DNA amplification in buffer containing 
10 mM Tris-HCl, pH 8.3, 1 J mM MgCl 2 , 50 mM KO. 10 
mM P-mercaptoethanol, 200 uM dNTPs (N=G, A, T and C), 
0.05% Tween-20™ (Merck), 0.05% NP-40™ (Merck), 10% 
DMSO (Merck), 25 pmol oligonucleotide 1 (see below), 25 
pmol oligonucleotide 2 (see below) and 25 U Amplitaq™ 
DNA polymerase (Perkin Elmer Cetus). Taq polymerase is 
added after initial denaturation at 93° C. for 1 min and 
subsequent annealing at 37° C. In the first 4 cycles primer 
extension is performed at 71° C. for 0.2 rain, denaturation at 
93° C. for 0.01 min and annealing at 37° C. for 0.2 min. For 
the last 25 cycles the annealing temperature is raised to 62° 
C. Finally, amplification is completed by a 3 min primer 
extension step at 71° C. 



PCR Product 


oligonucleotide 1 


. oligonucleotide 2 


HC 


MCHC2 


VHIBACK 


H 


VHIPOR 


VHIBACK 


LC 


MCK2 


VK1BACK 


L 


VK1P0R 


VKIBACX 



4.4 Modification and purification: Amplified material is 
extracted with CHC1 3 and precipitated with ethanol in the 
presence of 200 mM liCl. To facilitate cloning, blunt ends 
are created by a 3 min treatment with 1 U T4 DNA 
polymerase (Boehringer Mannheim) in 66 mM Tris-acetate, 
pH 7.9, 132 mM. potassium acetate, 20 mM magnesium 
acetate, 1 mM DTT, 200 ug/ml BSA (molecular biology 
grade, Boehringer Mannheim), and 400 uM dNTPs (N=G, 
A, T and C). The polymerase is inactivated by heating for 15 
min at 65° C. before phosphorylation of the DNA with 10 U 
T4 polynucleotide kinase (Pharmacia) at 37° C. for 1 h. For 
this purpose the buffer is adjusted to 50 mM EDTA and 1 
mM ATP. The modified amplification products are separated 
on a 1.2% (w/v) agarose gel (ultra pure DNA grade agarose, 
Biorad) and DNA of the expected size is eluted by means of 
DEAE NA 45 membranes (Schleicher & Schuell). 

4.5 Ligation: Bluescript™ KS+ (70 ng) linearized with 
Xbal, treated with Klenow DNA polymerase (Boehringer 
Mannheim) to give blunt ends and dephosphorylated with 
calf intestinal phosphatase, and 30 ng of purified amplifi- 
cation product are ligated using 0.5 U T4 DNA ligase (New 
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England Biolabs) in 50 mM Tris-HCl, pH 7.8, 10 mM 
magnesium chloride, 10 mM DTT, and 0.8 mM ATP over- 
night at 16° C. One half of the ligation mixture is used to 
transform E. coli K803 to obtain ampicillin resistant colo- 
nies. These are screened for the desired ligation products 
using a NaOH based piasmid <1 rniniprep" method (Maniatis 
et al., Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory, 1982). The following plasmids 
arc obtained: 



PCR product 


Piasmid clones 


HC 


PMZ15/1 




pMZ15/2 


H 


pMZ1671 




pMZ16/2 


L 


pMZ17/I 




pMZ17/2 


LC 


„■ ..pMZ18/l 


ft. 





4.6 Sequencing: Sequencing is done using Sequenase™ 
kits (United States Biochemicals) with T3 and T7 oligo- 
nucleotide primers according to procedures provided by the 
manufacturer. 

Piasmid pMZ17/l contains a non-functional rearrange- 25 
merit Piasmid pMZl 7/2 contains an Ig-unrelated sequence. 
Plasmids pMZ18/l (SEQ ID NO:2) and pMZl8/2 contain 
identical functional FRP5 kappa light chain variable domain 
inserts. Plasmids pMZ16/l (SEQ ID NO:l) and pMZ16/2 
contain identical functional FRP5 heavy chain variable 30 
domain inserts. Plasmids pMZlS/1 and pMZ15/2 also con- 
tain FRP5 heavy chain variable domain inserts together with 
some constant region DNA. Plasmids pMZloVl and 
pMZ18/l are used as a source for further subcloning steps. 



Example 5 



Construction of the MAb FRP5 Single-chain Fv 
Gene 

5.1 Construction and sequence of a cloning linker for the 
heavy and light chain variable domain cDNAs: Using oli- 
gonucleotides, a linker sequence which allows the cloning of 
PCR amplified mouse heavy chain variable domain cDNA 
as a Pstl/BstEH fragment and of PCR amplified mouse 
kappa light chain variable domain cDNA as a PvuI/BglTJ 
fragment is constructed. This creates an open reading frame 
in which heavy and light chain variable domains are con- 
nected by a sequence coding for the 15 amino acid stretch 
Gly-Gly-Gly-Gly-Ser-Gly-Gly-Gly-Gly-Ser-Gly-Gly-Gly- 
Gly-Ser. This amino acid linker has been shown to allow 
correct folding of an antigen binding domain present in 
heavy and light chain variable domains in a single-chain Fv 
(Huston et al., Proc. Natl. Acad. Sci. USA 85: 5879, 1988). 

For the construction of the cloning linker the 6 comple- 
mentary oligonucleotides 1 A, IB, 2A, 2B f 3A, 3B are used. 

1A: S'-CAAGtrrYCreAGOTACAACrOCAGOAO- 
GTCACCGTTFCCTCTGGCGG-3' 

IB: 5^AAACGGTGA(XrrCCTGCAGTFGTACCr- 
GAGAAGCTTGCATG-y 

2A: y.TGGCGGTYCTGGTGGCGGTGGCTCCG. 
GCGGTG GCGGTTCTGAC-3' 

2B: 5 -GCCACCGOCGGAGOCA(XGCCACCA- 
GAACCGCCAOCGCCAGAG-3' 
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3A: 5'- ATCC AGCTGG AG ATCTAG CTG ATCAA AGCT-3' 

3B: S'-CTAG AGCTTFG ATC AGCTAG ATCTC- 
CAGCrCGATGTCAGAACC-3' 

40 pM of oligonucleotides IB, 2A, 2B f 3A are phospho- 
rylated at the 5" end using T4 polynucleotide kinase (Boe- 
hringer Mannheim) in four separate reactions in a total 
volume of 20 pi following the method described by Maniatis 
et al. (Molecular Cloning: A Laboratory Manual, Cold 
10 Spring Harbor Laboratory, 1982). Oligonucleotides 1 A and 
3B are not phosphorylaled in order to avoid self ligation of 
the linker in the final ligation reaction. After the kinase 
reaction, the enzyme is inactivated by incubation at 70° C. 
for 30 min. In three separate reactions, each containing 40 
15 pM of two oligonucleotides in a total volume of 40 ul f 
non-phosphorylated 1A and phosphorylaled IB, phospho- 
rylaled 2A and phosphorylated 2B, and phosphorylated 3A 
and non-phosphorylated 3B are mixed. Hybridization of the 
oligonucleotides in the three reactions is carried out by 
20 heating to 95° C. for 5 min, incubation at 65° C. for 5 min 
and slowly cooling to room temperature. 10 ul from each of 
the three reactions are mixed, 4 ul of lOxligation buffer 
(Boehringer) and 4 units of T4 DNA ligase (Boehringer) are 
added and the total volume is adjusted to 40 ul with sterile 
water. The annealed pairs of oligonucleotides are ligated into 
one linker sequence for 16 h at 14° C. The reaction mixture 
is extracted with an equal volume of phenol/chloroform 
(1:1) followed by re-extraction of the aqueous phase with an 
equal volume of chloroform/isoaraylaicohol (24:1). The 
aqueous phase is collected, 0.1 volumes of 3M sodium 
acetate pH 4.8 and 2 volumes of ethanol are added, and the 
DNA is precipitated at -70° C for 4 h and collected by 
centrifugation. The resulting linker sequence has a Sphl and 
a Xbal adaptor end. It is ligated to Sphl and Xbal digested 
35 pUC 1 9 in a reaction containing 1 00 ng of ligated linker and 
200 ng of Sphl/Xbal digested pUC19. After transformation 
into E. coli XLl Blue™ (Stratagene), piasmid DNA from 4 
independent colonies is isolated by the alkaline lysis mini- 
preparations method (Maniatis et al.. Molecular Cloning: A 
40 Laboratory Manual, Cold Spring Harbor Laboratory, 1982). 
The DNA sequence of the linker cloned in pUC19 is 
determined by sequencing double stranded DNA in both 
directions with Sequenase II (United States Biochemicals) 
and pUC universal and reverse primers (Boehringer) fol- 
45 lowing the manufacturer's protocol. Three out of the four 
recombinant pUC19 isolates sequenced contain the correct 
linker sequence. One of them is designated pWW19 and 
used in the further experiments. The sequence is shown in 
SEQ ID NO:3. 

50 5 .2 Preparation of a piasmid for the subcloning of variable 
domains: The Fv cloning linker sequence is derived as a 144 
bp Hindni/SacI fragment from pWW19 and inserted into 
Hindm/Sacl digested Bluescript™ KS+ (ex Pvuli) (Strat- 
agene) which contains no PvuH restriction sites. The result- 

55 ing piasmid, pWW15, allows cloning of heavy and light 
chain variable domains as Pstl/BstEIi and PvuH/Bgffl frag- 
ments, respectively. 

5.2.1 Subcloning of the FRP5 heavy chain variable 
domain: Piasmid pMZ16/l is digested with PstI and BstEII 

60 and the 338 bp heavy chain variable domain fragment of 
FRP5 is isolated. It is cloned into Pstl/BstEII digested 
pWW19 yielding the piasmid pWW3l. 

5.2.2 Mutation of the FRP5 light chain variable domain 
and assembly of the Fv fusion gene: lb facilitate subcloning 

65 of the FRP5 light chain variable domain into the Fv cloning 
linker, a PvuII restriction site and a BglH restriction site are 
introduced at the 5' and 3' ends, respectively, of the coding 
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region. The FRP5 light chain variable domain coding region 
is isolated as a SacI/BamHI fragment from pMZ18/l. Sad 
and BamHI are restriction sites of the Bluescript™ 
polyliriker present in pMZ18/I. The fragment contains the 
complete light chain variable domain fragment of 392 bp 5 
amplified by PCR using the oligonucleotide MCK2 (see 
above). This fragment is mutated and amplified by PCR 
using the oligonucleotides 
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V L 5': 5'-GACATTCAGCTGACCCAO-3' and 

v L 3': 5'<;coccrrYAaATCTcxvvATm<nxxcra 



10 



for the introduction of a PvuII restriction site at the 5 1 end 
(V L 5*) and a Bgin restriction site at the 3' end (V^3') of the 
kappa light chain variable domain DNA. 20 ng of the FRP5 
variable light chain SacI/BamHI fragment are used as a 
template in a 100 ul reaction following the PCR conditions 
described in Example 4.3. The amplified and mutated frag- 
ment is isolated after I^U/B^a digestion as a 309 bp 
fragment from a 1.5% agaros#gel and cloned into PvuII/ 
Bgin digested pWV/1 5 generating plasmid pWW41. The 20 
FRP5 kappa light chain variable domain is isolated as a 
BstEH/XbaI fragment from pWW4i and inserted into 
BstED/Xbal digested pWW31. Thus the FRP5 heavy chain 
variable domain in pWW3 1 and the FRP5 kappa light chain 
variable domain are fused to one open reading frame. 25 
Double stranded DNA of three independent clones is 
sequenced with Sequenase IF* kit (United Biochemicals) in 
both orientations using pUC universal and reverse primers 
(Boehringer) following the manufacturer's protocol. One of 
the plasmids carrying the FRP5 heavy chain variable domain 30 
fused to the mutated FRP5 light chain variable domain is 
selected and designated pWW5Z The sequence of the 
HindlH/Xbal insert in plasmid pWW52 is shown in SEQ ID 
N04 and 5. 



Example 6 

Construction of a Single-chain Fv-phosphatase 
Fusion Gene Expression Plasmid 
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The MAb FRP5 single-chain Fv gene is fused to the 
bacterial alkaline phosphatase. This chimeric gene encodes 40 
a bifunctional molecule whichjetains binding activity to the 
c-erbB-2 protein and has enzymatic activity. 

6. 1 Mutation of the single-chain Fv(FRP5) gene: lb allow 
gene fusion between the singje-chain Fv(FRP5) encoding 
gene from pWW52 and the alkaline phosphatase gene phoA 45 
the stop codon at sequence position 729 to 731 in pWW52 
(see Example 5.23) is deleted as follows: Plasmid DNA of 
pWW52 is digested with BstEB and Bgin and the linker 
sequence and FRP5 light chain variable domain encoding 
fragment is isolated. In another digestion, pWW52 is 50 
cleaved with BstEB and Bell. Thus, the large fragment 
containing vector sequences and the FRP5 heavy chain 
variable domain encoding sequence is isolated. The BstEII/ 
Bgin Vi fragment is now inserted into BstEU/BclI cleaved 
pWW52 containing V w . In the resulting plasmid, pWW53, 55 
the BglH/BclI junction is determined by sequencing double 
stranded DNA as described above. 

Sequence of the BgUHBclI junction in pVYW53 (position 
numbers correspond^ to position numbers of the Hindm/ 
Xbal insert in plasmid pWW52, SEQ ID NO:4 and 5): 60 

BgUI/BclI 

ACA AAATTG GAG ATC AAA GCT CTA GA 
714-728 I 738-748 

65 

6.2 Mutation of the Kcoli alkaline phosphatase gene 
phoA: For the construction of the Fv(FRP5)-phoA fusion 



gene the £ coli alkaline phosphatase gene phoA is mutated 
to generate a Xbal cleavage site in the coding region of phoA 
near the N terminus of the mature protein and a Sad 
cleavage site in the 3* untranslated region of phoA. This step 
facilitates the cloning of the mutated fragment A pBR322 
derivative carrying the recombinant transposon TnPhoA 
(Manoil & Beckwith, Proc. Nad. Acad. Sci. USA 82: 8129, 
1985) is linearized by BgUI cleavage. 20 ng of the linearized 
template DNA is used for a 100 ul PCR reaction carried out 
as described previously using oligonucleotides PhoA5* and 
PhoA3' as primers 1 and 2. 

PhoA5*: y-CECTCTAGAGCCTGn'CrGGAAAAC-3' 
PhoAT: 5'-OCCGAGCTCTGCCA^TAAG-3 , 

Following Xbal/SacI digestion of the PCR products, a 
1419 bp fragment is isolated from a 1.59b agarose gel arid 
inserted into Xbal/SacI digested plasmid pUCl 9. Ligation is 
carried out as described above. Ligated DNA is transformed 
into E. coli XL1 Blue™ (Stratagene). Thus, the open reading 
frame of the mutated pho A gene is fused in frame to the lacZ 
open reading frame of pUC19. To show that the mutated 
phoA gene expresses functional alkaline phosphatase, 
recombinant clones are plated onto LB agar plates contain- 
ing 100 ng/ml ampiciltin, 0.5 mM IPTG (Sigma), and 40 
ugftnl XP (Boehringer). Following induction of the lac 
promoter of pUC 19, a lacZ-phoA fusion protein is 
expressed. The phosphatase activity of this fusion protein 
converts the indicator XP to a blue dye. One of the blue 
colonies is isolated and the presence of the introduced 
restriction sites is confirmed by digestion of nriniprep DNA 
with Xbal and Sacl. Partial 5' and 3' DNA sequences of the 
mutated phoA gene are obtained by sequencing double 
stranded DNA as described above. The DNA sequences are 
included in the assembly of the final Fv(FRP5)-phoA fusion 
gene sequence shown in SEQ ID NO:6 and 7. The isolated 
plasmid is designated pWW61 and used for further subclon- 
ing steps. 

6.3 Construction of a FRP5 Fv-phoA expression plasmid: 
From plasmid pWW19 (see Example 5.1.2) the cloning 
linker sequence is isolated as a HindHI/EcoRI fragment and 
inserted into Hindffl/EcoRI digested plasmid pINIH-ompA- ' 
Hind (Rentier-Delrue et al„ Nucl. Acids Res. 16: 8726, 
1988) leading to plasmid pWW16. 

From pWW61 (see Example 6.2) the mutated phoA gene 
is isolated as a Xbal/SacI fragment and inserted into Xbal/ 
Sacl digested pWW53. The resulting plasmid, pWW615, 
carries the Fv(FRP5) gene fused in frame to the mutated 
alkaline phosphatase gene. The Fv(FRP5)-phoA gene is 
isolated as a Hindm/SacI fragment from pWW615 and 
inserted into Hindm/SacI digested plasmid pWW16. This 
leads to the production of the Fv(FRP5)-phoA expression 
plasmid pWW616 (see below). All ligations are carried out 
as described above. Recombinant plasmids are transformed 
into E. coli XL1 Blue™ (Stratagene). The constructs are 
confirmed by restriction enzyme analysis of plasmid DNA 
isolated by an alkaline mini preparation method (Maniatis et 
aL, Molecular Cloning; A Laboratory Manual, Cold Spring 
Harbor Laboratory, 1982). 

In this construct the Fv single-chain antibody of FRP5, 
genetically fused to the alkaline phosphatase phoA, can be 
expressed in & coli foDowing induction with IPTG. The 
recombinant protein carries the E. coli outer membrane 
protein A (ompA) signal sequence at the N terminus 
(encoded by the pINIII-ompA-Hind vector) to facilitate 
secretion of the protein into the periplasmic space of £ coli 
expressor cells. 
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The sequence of the Fv(FRP5)-phoA fusion gene in 
expression plasmid pWW616 is shown in SEQ ID NO:6 and 
7. Part of the phoA sequence is assembled from Chang et al., 
Gene 44: 121, 1986. 

5 

Example 7 

Expression of Fv(FRP5)-phoA in E. coli 

Plasmid pWW616 is transformed into the phoA negative l0 
E. coli strain CC1 18 (Manoil & Beckwith, Proc. Natl. Acad. 
Sci. USA 82; 8129, 1985). A recombinant single colony is 
grown overnight in 50 ml LB medium containing 70 ug/ml 
ampicillin. The overnight culture is diluted 1:10 in 500 ml 
fresh LB medium containing 70 ug/ml ampicillin and grown 13 
at 37° C. to an OD 550 of 0.L IPTG is added to a final 
concentration of 2 mM and expression is induced for 1 .5 h 
at 37° C. The ceils are harvested ai 4° C by centrifugarion 
at 4000 rpm for 25 rnin in a Beckman GPKR centrifuge. The 
supernantant of CO i8/pWW616 h set aside on ice for ^ 
preparation of Fv(FRP5)-phoA, see Example 7.2 

7.1 Isolation of Fv(FRP5)-phoA from the periplasmic 
proteins of CCU8/pWW6i6: The bacterial pellet is sus- 
pended in 10 ml TES buffer (0.2M Tris-HCI, pH 8.0, 0.5 mM 
EDTA, 0.5M sucrose) and kept on ice for 10 min. After 25 
centrifugation at 4° C. for 10 min at 5000 rpm in a Heraeus 
minifuge, the supernatant is discarded and the washed pellet 

is suspended in 15 ml ice-cold TES, diluted (1:4) with water. 
The cells are kept on ice for 30 min and recentrifuged as 
above. The supernatant containing periplasmic proteins is 30 
recentrifuged at 45,000xg for 15 min in a Beckman TL100 
ultracentrifugc. The periplasmic extract is concentrated in an 
Amersham ultrafiltration unit through a YM10 membrane to 
a final volume of 2 ml. Following fivefold dilutions with 
PBS and reconcentration through the YM10 membrane five 35 
times, the 1:4 diluted TES buffer of the periplasmic extract 
is exchanged with PBS. NaN 3 and protease inhibitors are 
added to the periplasmic proteins (2 ml in PBS) to the final 
concentration of 0.02% NaN 3 , 0.1 mM PMSF, 2 ug/ml 
aprolinin, i ug/ml leupeplin, and 1 ug/ml pepstaiin. Hie 40 
periplasmic extract is stored at 4° C. 

7.2 Isolation of Fv(FRP5)-phoA from the concentrated 
supernatant of E co/t'CC118/pWW61 6 cultures: The super- 
natant (500 ml) of the induced E. coli culture CO 18/ 
pWW616 is filtered through a 0.45 urn membrane. The 45 
filtrate is concentrated in an Ami con ultrafiltration unit 
through a YM10 membrane to a final volume of 10 ml in 
PBS as described above, NaN 3 and protease inhibitors are 
added to the concentrated supernatant to the final concen- 
trations indicated above. The concentration of Fv(FRP5)- 50 
phoA in the extracts is determined by densitometry in 
comparison to BSA standards of coomassie stained 9% 
SDS-PAGE gels. 

Example 8 55 

Activity of Fv(FRP5)-phoA 

8. 1 Detection of c-erbB-2 in SKBR3 breast tumor cells by . 
immunostaining usiiig Fv(FRP5)-phoA: The Fv domain of & 
Fv(FRP5)-phoA enables the molecule to bind to the extra- 
cellular domain of the c-erbB-2 protein. Bound Fv(FRP5)- 
phoA can be visualized by staining procedures using color 
substrates for the detection of alkaline phosphatase activity. 

8. 1. 1 Fixation of cells: SKBR3 human breast tumor cells 65 
carrying about lxlO 6 c-erbB-2 receptors per cell are grown 
on fibronectin coated glass cover slips. The cells are washed 
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twice with PBS and then fixed with PBS/3.7% formaldehyde 
at room temperature for 30 min. The fixed cells are washed 
three times with PBS at room temperature. Unspecific 
binding sites are blocked by incubating the ceils for 1 h with 
PBS/3% BSA at 37° C. in a humid incubator. The cells arc 
then washed twice with PBS. 

8.1.2 Pretreatment of Fv(FRP5)-phoA: Alkaline phos- 
phatase phoA from £ coli must be dimerized to be enzy- 
matically active. In the periplasm of E coli natural phoA is 
dimerized, i.e. two molecules of phoA are held together by 
two Zn 2+ ions. The Fv(FRP5)-phoA is also produced as a 
dimer in E. coli. To increase binding of Fv(FRP5)-phoA to 
the antigen, the dimers are monomerized by adding EGTA to 
the solution. This step removes Zn 2 ** from the solution. 
Monomerized phosphatase can be re-dimerized by the addi- 
tion of Zn 2+ . EGTA is added to a final concentration of 5 mM 
to 200 ul of 40xconcentrated supernatant or periplasmic 
proteins from CC1 18/pWW616 (see above). The solution is 
incubated at 37° C. for 1 h just before use in the immu- 
noassay. 

8.1.3 Staining of cells: After blocking with PBS/3% BSA 
(see above) fixed cells are incubated for 1 h with pretreated 
Fv(FRP5)-phoA at a concentration of 1 ug/ml at 37° C. in a 
humidified incubator. The cells are washed three times with 
PBS at room temperature. The staining solution consists of 
300 ul naphtol AS-MX™ phosphate (Sigma, 13 mg/ml in 
dimethyl formamide), 8 mg of levamisole (Sigma), and 10 
rag of Fast Red TO™ salt (Sigma) added to 9.7 ml of 100 
mM Tris-HCI, pH 8.2, 1 mM ZnCl 2 . This mixture is pre- 
pared and filtered through a 0.45 urn filter immediately 
before use. ZnCl 2 is added to the staining solution to allow 
re-dimerization of bound Fv(FRP5)-phoA and thereby acti- 
vating the alkaline phosphatase. Cells are incubated in the 
Fast Red™ staining solution for 15 min at room tempera- 
ture. The phosphatase activity is blocked after staining by 
washing the cells twice with PBS and once with 1M 
KH 2 P0 4 . Glass cover slips are mounted with gel mount 
(Biomeda). The cells are examined under a fluorescence 
microscope using green light for excitation. Stained SKBR3 
cells show intense red cell surface fluorescence. 

8.2 Detection of c-erbB-2 protein over-expression, in 
immunoblots using Fv(FRP5)-phoA: Proteins from total cell 
lysates of SKBR3 cells over-expressing c-erbB-2 protein are 
separated by SDS-PAGE and blotted onto PVDF membrane 
(Mi Hi pore). For preparation of extracts and immunoblotting 
technique see Example 1.3.2. Free binding sites of the 
membrane are blocked by incubation for 1 h at room 
temperature in a solution containing 10 mM Tris-HCI, pH 
7.5, 0.9% NaCl, 0.05% Tween 20™ (BioRad), and 39b BSA. 
Pretreated Fv(FRP5)-phoA (see Example 7.2.) is diluted in 
blocking solution to a final concentration of 0.1 ug/ml. The 
membrane is incubated in the Fv(FRP5)-phoA solution for 1 
h at room temperature and then washed three times for 5 min 
at room temperature in 10 mM Tris-HCI, pH 7.5, 0.9% 
NaCl, 0.05% Tween 20™ and once in 10 mM Tris-HCI, pH 
7.5, 0.9% NaCl. For detection of bound Fv(FRP5)-phoA the 
membrane is incubated for 20 min at 37° C in the Fast 
Red™ substrate solution described in Example 7.3 without 
levamisole. The reaction is stopped by washing the mem- 
brane twice in water. Fv(FRP5>*phoA specifically detects 
the 185 kD c-erbB-2 protein. 

Example 9 

Expression and Isolation of Fv(FRP5)-phoA from 
£ coli 

9.1 Preparation of periplasmic extract: Plasmid pWW616 
is transformed into the phoA negative £ coli strain CO 18 
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according to standard procedures (Maniatis et ai., Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Labo- 
ratory, 1982). A single colony is picked and grown overnight 
in LB medium containing 70 ug/ml ampicillin. The over- 
night culture is diluted 1 : 10 in fresh LB medium containing 5 
ampicillin and grown at 37° C to an OD^ of 0.1. At this 
point expression of the Fv(FRP5)-phoA gene is induced by 
the addition of DTG to a final concentration of 2 mM, and 
the cells are grown for an additional 1.5 to 2 h. The cells are 
harvested by centrifugation and treated with a mild osmotic io 
shock which releases the periplasmatic proteins into the 
supernatant. The proteins are concentrated in an Amersham 
ultrafiltration unit through a YM10 membrane. 

9.2 Preparation of an antigen affinity column: The 
c-erbB-2 protein is isolated from insect cells infected with a ^ 
baculovirus vector expressing the c-erbB-2 extracellular 
domain by standard methods (V. A. Luckow & M. D. 
Summers. Biotechnology 6: 47-55, 1988). MAb FSP77 is 
coupled to CNBR-activated Sepharose 4B™ (Pharmacia) 
following the instructions ot tiic marrufacturer. The insect 20 
cell lysates are incubated with the coupled MAb FSP77 in a 
buffer containing 50 mM Tris-HCl, pH 7.5, 5 mM EGTA, 
0.5% Triton X-100™, 150 mM NaCl for 2 h at 4° C. on a 
shaking platform. The beads are packed into a column and 
washed with pre-elution buffer consisting of 10 mM phos- 25 
phate, pH 6.8, and 100 mM NaCl to remove non-specifically 
bound proteins. The c-erbB-2 protein is recovered from the 
column by treatment with a low pH elution buffer containing 
100 mM glycine, pH 3.0, and 100 mM NaCl. The fractions 
from the column are collected into phosphate buffer, pH 8.0, 30 
in order to raise the pH. The c-erbB-2 extracellular domain 

is detected by running a part of each fraction on 8% 
SDS-PAGE gel, blotting onto PVDF membrane (Millipore) 
and treating the filter with MAb FSP77 followed by sheep 
anti-mouse IgG. Bou-1 IgG is detected by 123 I-Protein-A 35 
treatment The fractions containing the extracellular domain 
are pooled and the protein is coupled to CNBR-activated 
Sepharose 4B™ (Pharmacia) following the instructions of 
the manufacturer. 

9.3 Isolation of Fv(FRP5)-phoA by affinity chromatogra- 40 
nhy: The sepharose coupled to c-erbB-2 protein (Examle 
9.2) is incubated for 2-4 h at 4° C. on a rocking platform 
with the periplasmic extract isolated as described in 
Example 9.1. The beads are packed into a column and 
washed with pre-elution buffer as in Example 9.2. The 45 
Fv(FRP5)-phoA protein is recovered by elution with the low 
pH elution buffer of Example 9.2. The fractions are moni- 
tored for the presence of the Fv(FRP5)-phoA by testing for 
phoA enzymatic activity using a standard protocol. 

50 

Example 10 

Immunoassay for c-erbB-2 Protein in Tumors 

10.1 Preparation of tumor sections: To determine the level 55 
of c-erbB-2 protein in tumors, tumor tissue is pretreated to 
give either frozen tumor sections or paraffin-embedded 
tumor sections. Tumor pieces are quick frozen, then cut with 
acryostat, collected onto 1% gelatin-coated glass slides, and 
fixed with 4% paraformaldehyde. Following several washes 60 
with PBS, the tumor tissue sections are ready for staining. 
Alternatively, tumor pieces are placed in 4% paraformalde- 
hyde for fixation, embedded in pr raffin, then sections cut and 
collected onto polylysine-coated glass cover slips, lb pre- 
pare the sections for staining, they are heated overnight at 65 
56° C, dewaxed in xylene, stepwise rehydrated by washing 
in 95%, 70% and 35% ethanol and water, and washed in 
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PBS. 

10.2 Pretreatment of Fv(FRP5)-phoA: Since the dimer of 
the Fv(FRP5)-phoA as obtained from the K coli periplasm 
does not bind optimally to the c-erbB-2 antigen, it is first 
monoraerized. This is accomplished by treating the solution 
of Fv(FRP5)-phoA for 1 h at 37° C. with EGTA at a final 
concentration of 5 mM. This treatment chelates the Zn 2 * 
ions which are important for maintaining the dimeric struc- 
ture of Fv(FRP5>phoA. 

10.3 Staining of the tumor sections: Non-specific staining 
of the tumor sections prepared according to Example 10.1 is 
blocked by incubating the sections in PBS containing 3% 
BSA. The blocked sections are incubated for 1-2 h with 
pretreated Fv(FRP5)-phoA (Example 10.2) at a concentra- 
tion of 1 ug/ml in a humidified chamber at room tempera- 
ture. The sections are washed three times with PBS at room 
temperature. The bound Fv(FRP5)-phoA protein is detected 
using Fast Red™ as a substrate for the alkaline phosphatase. 
The staining solution consists of 300 ul naphthol AS-MX 
phosphate (Sigma, 13 mg/ml in dimemylformamide), 8 mg 
of levamisole (an inhibitor of endogenous alkaline phos- 
phatase, Sigma), and 10 mg of Fast Red TR™ salt (Sigma) 
added to 9.7 ml of 100 mM Tris-HCl, pH 8.2, and 1 mM 
ZnCl 2 . This mixture is prepared and filtered through a 0.45 
um filter immediately before use. ZnCl 2 is added to the 
staining solution to allow re-dimerization of the bound 
Fv(FRP5)-phoA protein and activation of the alkaline phos- 
phatase. The tumor sections treated with Fv(FRP5)-phoA 
are incubated in the Fast Red™ staining solution for 15 min 
at room temperature. After staining the phosphatase activity 
is blocked by washing the cells twice with PBS and once 
with 1M KHjPCV The glass cover slips are mounted with 
gel mount. The cells are examined under a fluorescence 
microscope using green light for excitation. Positively 
stained cells show an intense red cell surface fluorescence. 

Alternatively, the tumor sections treated with the 
Fv(FRP5)-phoA protein may be stained with naphthol AS- 
BI phosphate (Sigma) and New Fuchsin™ (Sigma), or with 
5-bromo-4-chloro-3-indolyl phosphate (BCIP, Sigma) and 
Nitro Blue Tetrazolium™ (Sigma). The stained sections can 
then be viewd with a regular light microscope. 

Example 11 

Cloning of Functional Heavy and Light Chain 
Rearrangements from the FWP51 Hybridoma Cell 
Line 

Poly(A)-containing RNA isolated from FWP51 hybri- 
doma cells as described in Example 3.3 provides the source 
for cDNA synthesis and subsequent amplification of V-re- 
gion minigenes. cDNA synthesis and amplification of 
FWP51 heavy and light chain variable domain cDNA by 
polymerase chain reaction is carried out as described in 
Example 4. Amplification products of the expected size are 
purified from agarose gels and cloned into appropriate 
vectors. Functional rearrangements are identified by 
sequencing. 

11.1 Subcloning of FWP5 1 heavy and light chain variable 
domain cDNA: Material amplified according to Example 4.3 
is extracted with CHd 3 and precipitated in the presence of 
200 mM LiCl. lb facilitate cloning, the FWP51 heavy chain 
variable domain cDNA is cleaved with restriction enzymes 
PstI and BstEII, the fragment purified by agarose gel elec- 
trophoresis, and ligated to PstI and BstEII digested pWW15 
DNA. The FWP51 light chain variable domain cDNA is 
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cleaved with restriction enzymes PvuII and BgUI, the frag- 
ment is purified by agarose gel electrophoresis, and ligated 
to PvuII and BglH digested pWW15 DNA (cf. Example 5). 
Ligation, transformation, and screening for the desired liga- 
tion products are carried out as described in Example 4.5. 5 
The following plasmids are obtained: 



PCR product 


Plasmid clones 


H 


pWW15-VH51-l 




pWW15-VH51-2 




pWW15-VH5l-3 


L 


pWW15-VL51-l 




pWW15-VL51-2 




pWW15-VL51-3 



15 



11.2 Sequencing: Sequencing is done as described in 
Example 4.6. 

Plasmids pWW15-VH51-l (SEQ ID NO: 8), pWW15- 
VH51-2, pWW15^VK51-3 contain identical functional ^ 
FWP51 heavy chain variable domain inserts. Plasmids 
pWW15-VL51-l (SEQ ID NO:9), pWW15-VL51-2, 
pWW15-VL5i-3 contain identical functional FWP51 kappa 
light chain variable domain inserts. Plasmids pWW15- 
VH51-1 and pWW15-VL51-i are used as a source for 25 
further subcloning steps. 

Example 12 

Construction of the MAb FWP51 Single Chain 

Gene 30 

12.1 Assembly of the Fv fusion gene: Plasmid pWW15- 
VH51-1 is digested with PstI and BstEII and the 342 bp 
heavy chain variable domain fragment of FWP5 1 is isolated. 

It is cloned into Pstl/BstEii digested pWW15-VL-51-l j5 
yielding the plasmid pWW15-Fv51 (SEQ ID NO:10 and 
11). 

12.2 Mutation of the single-chain Fv(FWP51) gene: To 
allow gene fusion between the single-chain Fv(FWP5l) 
enco<Jing gene from pWW15-Fv5I and effector genes the 40 
siop Lututfl at sequence position 729 to 73 1 in pWWFvl 5-51 
(SEQ ID NO: 10 and 11) is deleted as follows (see also 
Example 6,1): plasmid DNA of pWW15-Fv51 is digested 
with BstEII and BgUI and the linker sequence and FWP51 
light chain variable domain encoding fragment is isolated. In 45 
another digestion, pWWI5-Fv51 is cleaved with BstEII and 
BclL Thus, the large fragment containing vector sequences 
and the FWP51 heavy chain variable domain encoding 
sequence is isolated. The BstEII/Bgin V L fragment is now 
inserted into BstEO/BcIl cleaved pWW15-Fv51 containing 50 
V w . The resulting plasmid pWW15-Fv51-ORF is used as a 
source for the construction of Fv(FWP51)-effector fusion 
genes. 

Example 13 55 

Construction of Single-chain Fv-exotoxin A Fusion 
Gene Expression Plasmids 

The MAb FRP5 and MAb FAV51 single-chain Fv genes ^ 
are fused to a truncated bacterial toxin, exotoxin A (ETA) 
from Pseudomonas aeruginosa. These chimeric genes 
encode recombinant immunotoxins which selectively inhibit 
protein synthesis in c-erbB-2 expressing cells. 

13.1 Mutation of the Exotoxin A gene of Pseudomonas 65 
aeruginosa PAK: For the construction of Fv-exotoxin A 
(Fv-ETA) fusion genes the ETA gene from Pseudomonas 
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aeruginosa PAK is mutated to delete the original cell 
binding domain I at the N-terminus of the toxin and to 
generate a Xbal cleavage site at the former domain I/domain 
II boundary of the ETA coding region. Plasmid pMSISOA 
(Lory et al., J. Bacteriol. 170: 714, 1988) is linearized by 
EcoRI cleavage. 20 ng of the linearized template DNA is 
used for a 100 ul PCR reaction carried out as described 
previously using the following oligonucleotides as primers 1 
and 2. 

1: 5' - CACGG A AGCTTA AG G AG ATCTGC ATGCT- 
TCTAG AGG G CGGC AG CCTGG CCGCG CTG-3' 

2: 5'-GOGG ATCG CTTCGCCCAGGT- 3* 

Following Hindin/Sall digestion of the PCR products, a 
201 bp fragment is isolated from a 1.5% agarose gel and 
inserted into Hindlll/Sall digested plasmid pUC18. Ligation 
is carried out as described above. Ligated DNA is trans- 
formed into E.coli XL1 Blue™ (Stratagene). Two recombi- 
nant plasmids are isolated and the insert DNA is sequenced 
as described above using pUC universal and reverse primers 
(Boehringer). One plasmid containing the expected product 
is designated pWW22 (SEQ ID NO: 12)and used as a source 
for further subcloning steps. Plasmid pWW22 is cleaved 
with HindJII and Sail, the mutated ETA gene fragment is 
isolated, and inserted into the large fragment of Hindlll/Sall 
digested plasmid pMS I50A containing pUC9 vector 
sequences and part of the ETA gene coding for the C-ter- 
minal half of the toxin. Thereby in the resulting plasmid 
pWW20 a truncated ETA gene coding for domains n and III 
of the toxin is created. 

3.2 Assembly of single-chain Fv-ETA fusion genes: Htn- 
dlll/Xbal single-chain Fv gene fragments suitable for the 
construction of Fv-ETA fusion genes are isolated from 
plasmid pWW53 (single-chain Fv FRP5), and plasmid 
pWW15-Fv51-ORF (single^hain Fv FWP51) and inserted 
into HindEH/Xbal digested p\VW20. Ligation and transfor- 
mation into Kcoli XL1 Blue™ (Stratagene) are carried out 
as described above. The resulting plasmids pWW20-Fv5 
(Fv(FRP5)-ETA) and pWW20-Fv51 (Fv(FWP51)-ETA) are 
used as a source for further subcloning steps. 

13.3 Construction of single-chain Fv-exotoxin A fusion 
gene expression plasmids: For the expression of single-chain 
Fv-exotoxin A fusion genes in E.coli the expression plasmid 
pFLAG-1 (E3I Biochemical s) is used! The fusion-genes are 
fused in frame to the outer membrane protein A (ompA) 
signal sequence encoded by pFLAG-1. Plasmid DNA from 
pWW20-Fv5 and pWW20-Fv51 is digested with HindlH 
and blunt ends are created by Klenow fill-in as described in 
Example 4.5. Blunt ended DNA is digested with EcoRI and 
single-chain Fv-ETA gene fragments are isolated 
(Fv(FRP5)-ETA: 1916 bp, Fv(FWP51)-ETA: 1916 bp). 
pFLAG-1 plasmid DNA is digested with HindlH, blunt ends 
are created as described above, die resulting DNA fragment 
is isolated, and digested with EcoRI Blunt-end/EcoRl Fv- 
ETA fusion gene fragments are inserted into the modified 
pFLAG-1 plasmid DNA. Thereby Fv-ETA fragments are 
fused in frame to the ompA signal sequence of pFLAG-1 
creating plasmids pWW215-5 for the expression of 
Fv(FRP5)-ETA(SEQ ID NO:13 and 14) and pWW215-5 for 
the expression of Fv(FWP51)-ETA (SEQ ID NO:15and 16). 

Example 14 

Expression and Isolation of Fv(FRP5)-ETA and 
Fv(FWP51)-ETA from E. coli 

14.1 Preparation of total lysates: Plasmids pWW215-5 
and pWW2 15-51 are transformed into the E.coli strain 
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CC118 according to standard procedures (see Example 9.1). 
Single colonies are picked and grown overnight in LB 
medium containing 100 ug/ml ampicillin and 0.4% glucose. 
The overnight cultures are diluted 1:30 in fresh LB medium 
containing ampicillin and glucose and grown at 37° C. to an 5 
OD 5so of 0-5. At this point expression of the Fv(FRP5)-ETA 
and Fv(FWP51)-ETA genes is induced by the addition of 
IPTG to a final concentration of 0.5 mM, and the cells are 
grown for an additional 30 min. The cells are harvested by 
centrifugation and lysed by sonication in PBS/1 mM CaCl 2 . to 
The lysates are cleared by ultraceittrifugation at 25 000 g for 
45 min at 4° C. The supematants are collected. 

14.2 Isolation of Fv(FRP5)-ETA and Fv(FWP51)-ETA by 
affinity chromatography: Cleared Kcoli lysates containing 
the 66.4 kDa Fv(FRR5)-ETA or the 66.3 kDa Fv(FWP5i}: 15 
ETA protein are passed through a Ml monoclonal antibody 
affinity column (IBI Biochemicals). The column is washed 
three times with PBS/1 mM CaCl^ Bound Fv(FRP5)-ETA 
or Fv(FWP5l)-ETA proteins arc eluted with PBS/2 mM 
EDTA. The fractions are monitored for the presence of 20 
Fv-ETA proteins by SDS-PAGE and immunoblotting (see 
Example 13.2) using an anti-exotoxin A antiserum devel- 
oped in rabbit. 
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Example 15 

Selective Inhibition of Protein Synthesis in 
c-erbB-2 Expressing Cells With Fv(FRP5)-ETA and 
Fv(FWP51)-ETA 
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In vitro the recombinant immunotoxins Fv(FRP5)-ETA 
and Fv(FWP51)-ETA selectively inhibit protein synthesisf 
and growth of cells expressing high levels of the human 
c-erbB-2 protein. The immunotoxins do not affect cells 
expressing no, or low levels of human c-erbB-2 protein. 35 

15.1 Immunotoxin treatment of cell lines: Human breast 
and ovarian tumor cell lines SK-BR3, MDAMB-23 1 , MDA- 
MB-453, HTB77, the mouse mammary epithelial cell line 
HC11, and HC11 cells transfected with the human c-erbB-2 
cDNA are plated on 48 well tissue culture plates (Costar) at 40 
a density of 105 s cells/well. After 4 h the medium is 
removed and replaced by normal growth medium containing 
Fv(FRP5)-ETA or Fv(FWP51)-ETA at various concentra- 
tions ranging from 1 to 1000 ng/ml. The cells are incubated 
with toxin fusion proteins for 16 h. 45 

15.2 3 H-leucine .labeling of cells: The immunotoxin- 
treated cells are washed twice and incubated in normal 
growth medium containing 4 uCi 3 H-leucin/ml for 4 h. The 
labeled cells are washed twice and 3 H-leucine labeled total 
proteins are harvested by TCA precipitation onto Whatman 50 
GFC filters. The rate of protein synthesis in imraunotoxin- 
treated cells is determined in comparison to untreated con- 
trol cells. 



Example 16 

Fv(FRP5)-ETA and MAbs FWP51 and FSP77 
Inhibit the Growth of c-erbB-2 Expressing Cells in 
Nude Mice 
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The aditiinistration of Fv(FRP5)-ETA and the MAbs 
FWP51 and FSP77 to animals injected with c-erbB-2 
expressing cells inhibits the tumor growth of these cells. 

16.1 Nude mouse tumor model.: The N1H/3T3 mouse 
fibroblast cell line is transfected according to conventional, 65 
previously described methods (Graham & van der Eb ( 
Virology 52: 456, 1973) with a plasmid expressing the point 



mutated, activated human c-erbB-2 protein (Masuko et al., 
Jpn. Cancer Res. 80: 10, 1989) and with the plasmid 
pSV2neo (Southern & Berg, J. Mol. Appl. Genet. 1:327, 
1982) which encodes the gene for resistance to the drug 
G418. Transfected cells are selected 2 weeks in medium 
containing 500 ug/ml G4I8 (Geneticin, Gibco-BRL). Indi- 
vidual clones are selected and analyzed for the expression of 
the human c-erbB-2 protein using conventional protein 
blotting techniques (Towbin et al, Proc. Natl. Acad. Sci. 
USA 76: 4350, 1979). A clone expressing moderate levels of 
the point mutated, activated human c-erbB-2 protein (clone 
3.7) is selected, and tested for growth in nude mice. 2-5x106 
clone 3.7 cells (per animal) suspended in 0.2 ml PBS arc 
subcutaneously injected into the flank of female Balb/c nude 
mice. The 3.7 cells injected at a dose of 2x106 cells rapidly 
form tumors in nude mice (control animals, cf. Example 
16.2) 

16.2 Immunotoxin treatment of animals: 2x106 clone 3.7 
cells are injected subcutaneously inlo nude mice. The ani- • 
mals are treated continuously for a total of 7 days wife the 
Fv(FRP5)-ETA. 200 pi of Fv(FRP5)-ETA (concentration 35 
ug/ml in PBS) is placed in an osmotic pump (Alzet mini 
osmotic pump, Model 2001 , Alza, Palo Alto, Calif., #94303- 
0802) which is implanted subcutaneously into the animals at 
the same time as the clone 3.7 cells are injected. The pump 
continuously releases Fv(FRP5)^ETA and delivers 1 ug/day 
for 7 days to each animal. In comparison with the control 
animals (cf. Example 1 6. 1 ), the administration of Fv(FRP5)- 
ETA delays the onset of tumor formation. 

16.3 MAb treatment of animals: 5x106 clone 3.7 cells are 
injected subcutaneously into nude mice. Starting on the 
same day as injection of clone 3/7 cells, the animals are 

. treated daily, for a total of 10 days, with either MAb FWP51 
or MAb FSP77 (MAb dose is 50 ug/200 ul BSS/day). The 
MAb is injected intraveneously in the tail vein of the mouse. 
Both antibodies delay the onset of tumor growth. Compared 
therewith, a synergistic effect in inhibiting tumor growth is 
observed on simultaneous administration of both antibodies 
MAb FWP51 and MAb FSPTJ. 

DESCRIPTION OF THE SEQUENCES 

SEQ ID NO:l is the nucleotide sequence of pM7I671, 
which encodes the heavy chain variable domain of mono- 
clonal antibody FRP5. 

SEQ ID NO:2 is the nucleotide sequence of pM718/l, 
which encodes the kappa light chain variable domain of 
monoclonal antibody FRP5. 

SEQ ID NO:3 is the nucleotide sequence of pWW19, 
which is used to link the heavy and light chain variable 
domains. 

SEQ ID NO:4 is the nucleotide sequence of pWW52, 
which encodes the Fv heavy chain/light chain variable 
domain fusion protein binding to the growth factor receptor 
c^erbB-2. 

SEQ ID NO:5 is the amino acid sequence of the Fv heavy 
chain/light chain variable domain fusion protein binding to 
the growth factor receptor c-erbB-2 encoded by pWW52. 

SEQ ID NO:6 is the nucleotide sequence of pWW616, 
which encodes the Fv heavy chain/light chain variable 
domain and alkaline phosphatase fusion protein Fv(FRP5)- 
phoA binding to the growth factor receptor c-crbB-2. 

SEQ ID NO;7 is the amino acid sequence of Fv heavy 
chain/light chain variable domain and alkaline phosphatase 
fusion protein Fv(FRP5>phoA binding to the growth factor 
receptor c-erbB-2 encoded by pWW616. 
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SEQ ID N0:8 is the nucleotide sequence of pWW15- 
VH51-1, which encodes the heavy chain variable domain of 
monoclonal antibody FWP5I. 

SEQ ID NO:9 is the nucleotide sequence of pWW15- 
VL51-1, which encodes the light chain variable domain of 5 
monoclonal antibody FWP5L 

SEQ ID NOrlO is the nucleotide sequence of pWW15- 
Fv51, which encodes single-chain Fv fusion gene compris- 
ing monoclonal antibody FWP51 heavy and kappa light 
chain variable domains. 10 

SEQ DO NO: 1 1 is the amino acid sequence of single-chain 
Fv fusion gene comprising monoclonal antibody FWP51 
heavy and kappa light chain variable domains, encoded by 
pWW15-Fv51. 

SEQ ID NO: 12 is the nucleotide sequence of pWW22, 
which encodes part of the mutated exotoxin A gene from 
Pseudomonas aeruginosa PAK. 



SEQUENCE LISTING 

( 1 ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 16 



{ 2 ) INFORMATION FOR SEQ ID NO: I: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 361 bue pain 
( B ) TYPE: nucleic acid 
( C ) 5TRANDEDNESS: sragfc 
( D ) TOPOLOGY linear 

( » i ) MOLECULE TYPE: DNA 

( i i i ) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Mouse 
( C ) INDIVIDUAL ISOLATE: E, coU 

( v i i ) IMMEDIATE SOURCE: 

( B ) CLONE: pMZ16/I 

( i x ) FEATURE: 

( A ) NAME/KEY. primcr_btnd 
( B ) LOCATION: 6J11 
( D ) OTHER INFORMATION: Aiote="VHlBACK primer region" 

( t x ) FEATURE: 

( A ) NAME/KEY: misc_fcaUirc 
( B ) LOCATION: 95.328 

( D ) OTHER INFORMATION: /notc-Trora 95 10 109 CDRIft from 
152 to 202 CDR2H; from 299 to 328 CDR3H" 

( i x ) FEATURE: 

( A ) NAME/KEY: pnmcr_biDd 
( B ) LOCATION: 329.361 

( D ) OTHER INFORMATION: /notes" VH IFOR primer region* 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



TCTAGAGGTG 


AA ACTGCAGC 


AGT CTGGACC 


TGAACTGAAG 


AAGCCTCGAG 


AGAC AGTCAA 


6 0 


GATCTCCTGC 


A AGGCCTCTG 


CG T ATCCTTT 


CACAA ACTAT 


GGAATG AACT 


GGOTO A AOC A 


1 2 0 


OGCTCCAGGA 


C AGGGTTT AA 


A 0 TOO A TGGG 


CTGGA TT AAC 


ACCTCCACTO 


GAG AGTCA AC 


1 S 0 


ATTTGCTGAT 


GACTTCAAGG 


G ACGGTTTGA 


CTTCTCTTTG 


G AA ACC TCTG 


CCA AC ACTOC 


2 4 0 


CTA TTTGCAG 


ATC AACAACC 


TC AAAAGTGA 


AG ACATGGCT 


ACATATTTCT 


GTGCAAGATG 


3 0 0 



SEQ ID NO: 1 3 is the nucleotide sequence of pWW2 15-5, 
which encodes Fv heavy chain/light chain variable domain 
and exotoxin A fusion protein Fv(FRP5)-ETA binding to the 
c-erbB-2 protein. 

SEQ ID NO: 14 is the amino acid sequence of the Fv 
heavy chain/light chain variable domain and exotoxin A 
fusion protein Fv(FRP5)-ETA binding to the c-erbB-2 pro- 
tein encoded by pWW215-5. 

SEQ ID NO: 15 is the nucleotide sequence of pWW215- 
51, which encodes Fv heavy chain/light chain variable 
domain and exotoxin A fusion protein Fv(FWP51)-ETA 
binding to the c-erbB-2 protein. 

SEQ ID NO: 16 is the amino acid sequence for Fv heavy 
chain/light chain variable domain and exotoxin A fusion 
protein Fv(FWP51)-ETA binding to the c-erbB-2 protein, 
encoded by pWW2 15-51. 



c. 
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-continued 



GCAGCTTTAC CACGOCTACC TTCCTTACTG GGGCCAAG GO ACCACGGTCA CCOTCTCCTC 360 
A 3 6 1 



( 2 ) INFORMATION FOR SEQ ID NO:2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH* 407 base pain 
( B ) TYPE: nucleic arid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA 

( i t i ) HYPOTHETICAL: NO 

( i v ) ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Mouse 

( C ) INDIVIDUAL ISOLATE: E coli 

( v i i ) IMMEDIATE SOURCE: 

( B ) CLONE: pMZ18/l 

( i x ) FEATURE: 

( A ) NAME/KEY: primcr_biod 
( B ) LOCATION: 6.J28 

( D ) OTHER INFORMATION: /noic^*MCK2 primer region*" 

( I x ) FEATURE: 

( A ) NAME/KEY: mUcJcaturc 
( B ) LOCATION: 93-319 

( D ) OTHER INFORMATION: /DOlc="froot 98 to 130 CDRIL; from 
176 lo 196 CDRZL; from 293 to 319 CDR3L" 

( i x ) FEATURE: 

( A ) NAME/KEY: primcr_bind 
( B ) LOCATION: 374-404 

( D ) OTHER INFORMATION: /nole-"MCK2 primer region" 
( * i ) SEQUENCE DESCRIPTION: SEQ ID N02: 



TC 


T 


AGTCACT 


GGATGG TGGG 


A AG ATG 


GAGA 


CATTOTGATO 


ACCCAGTCTC 


AC AAATTCCT 


6 0 


GT 


C 


CACTTCA 


GTAGGAGACA 


GGGTC A 


GCAT 


CACCTGC AAG 


GCCAGTCAGG 


ATGTGTAT A A 


1 2 0 


TG 


C 


TGTTGCC 


TGGTATC A AC 


AGAAAC 


CAGG 


ACAATCTCCT 


AAACTTCTGA 


TTT ACTCCGC 


ISO 


AT 


c 


CTCCCGG 


T ACACTGG AG 


TCCCTT 


CTCG 


CTTC ACTGGC 


AGTCGCTC TG 


GGCCGGATTT 


2 4 0 


CA 


c 


TTTCACC 


ATCAGC AGTG 


T GCAGG 


C TG A 


AGACCTGGCA 


GTTTATTTC T 


GTCAGCAACA 


3 0 0 


TT 


T 


TCGT ACT 


CCATTC ACGT 


TCGGCT 


COGG 


G ACA AA ATTO 


GAA ATA AA AC 


GGGCTGATGC 


3 6 0 


TO 


c 


ACCAACT 


OTATCC ATCT 


TCCCAC 


CATC 


CAGTGACTAO 


AACTAGA 




4 0 7 



( 2 ) INFORMATION FOR SEQ ID NCh3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 175 base pain 
( B )TYPE: cudefc acid 
( C ) STRANDEDNESS: fixate 
( D ) TOPOLOGY: linear 

(it) MOLECULE TYPE: DNA 

( i i i ) HYPOTHETICAL: NO 

( 1 v ) ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Synthetic 

( C ) INDIVIDUAL ISOLATE: E. coH 



( v i i ) IMMEDIATE SOURCE: 

( B ) CLONE: pWW19 
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( i x ) FEATURE: 

( A ) NAME/KEY: tniJC_Jcaiurc 
( B ) LOCATION: 30-117 

( D ) OTHER INFORMATION; /notc="30-35 ftd sitc;38-44 
BsiEII site Tor lubcloning of heavy chain rar 
domain;54-98 coding icq of (GlvGlvGlyGIyScr)3: 
105-110 Pvufliiu:: 112-117 BgUIsilc 

( i * ) FEATURE: 

( A ) NAME/KEY: mijc_fcaunc 
( B ) LOCATION: 120.125 

( D ) OTHER INFORMATION: /noic^'Bcl! «ic for juhclonlng or 
light chain variable domain** 



( x i ) SEQUENCE DESCRIPTION: SEQ ID N03: 



A AGCTTGC AT GCAAGCTTCT CAGGTACAAC TGCAOGAGGT CACCGTTTCC TCTGGCGGTG 60 
GCGGTTCTGG TGGCGGTGGC TCCOGCGGTG GCGGTTC TG A CATCCAGCTG GAGATCTAGC 120 
TGATCAAAGC TCTAGAGGAT CCCCGGGTAC CGAGCTCGAA TTCACTGGCC GTCGT 175 



( Z ) INFORMATION FOR SEQ ID NO:4; 



( i ) SEQUENCE CHARACTERISTICS. 

( A ) LENGTH: 748 base pair* 
( B ) TYPE nucleic acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 



(it ) MOLECULE TYPE: DNA 



( i i i ) HYPOTHETICAL: NO 
( i v ) ANTI-SENSE: NO 



( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Mouse 

( C ) INDIVIDUAL ISOLATE: E. coli 

( v i i ) IMMEDIATE SOURCE: 

( B ) CLONE: pWW52 

( i i ) FEATURE: 

( A ) NAME/KEY: CDS 
( B ) LOCATION: 6..728 

(in) FEATURE: 

( A ) NAME/KEY: nrisc_fcarurc 
( B ) LOCATION: 1..701 

( D ) OTHER INFORMATION: /n«c="l-8 synthetic ipaccr#-365 
FRP5 heavy chain vat domain;99-113 CDRlH;156-206 
CDR2H;303- 332 CDR3H36M10 15 aa linker icq;41 1 -728 
FRP5 light chain var dom;480-5I2 CDRlL-,558-578 CDR2L; 
675-701 CDR3L 



( x i ) SEQUENCE DESCRIPTION: SEQ DD N0:4: 

AAGCT TCT CAG GTA C A A CTG CAG CAO TCT OOA CCT OA A CTO A A O A A G 

Scr Gin Val Qlo Leu Ola Oln Scr Gl y Pro GIu Leu Lyi Lyi 
1 5 10 



CCT GGA GAG 

Pro G 1 y 0 I u 
[ S 

A C A AAC TAT 

T b r A i n T y r 
3 5 

AAG TOO ATG 

L J j Tr f Met 
5 0 

GAT GAC TTC 

A i p At p Phc 
6 5 

ACT GCC TAT 



ACA GTC A A G 
Thr Val L y s 
2 0 

GGA ATG AAC 
G 1 y Met A i n 



GGC TGC ATT 
G 1 y T r p lie 



A A G GGA CGG 
Ly s G 1 y A r g 



TTG CAG ATC 



ATC TCC TGC 
Me Scr C y s 



TGG GTG A AG 

Trp Val Ly s 
i 0 

AAC ACT TCC 

A » n Thr Scr 
3 5 

TTT GAC TTC 

Phc Asp Phc 
7 0 

AAC AAC CTC 



A AG GCC TCT 

Lyj Ala Scr 
2 5 

CAG GCT CCA 

Gin Ala Pro 
4 5 

ACT OOA GAG 

Thr G l y O 1 u 



TCT TTG G A A 
Scr Leu GIu 
7 5 

AAA ACT G A A 



GGG TAT CCT 
G I y T y r Pro 



GGA CAG GGT 
G 1 y G I d G t y 



TCA ACA TTT 

Scr Thr Phc 
6 0 

ACC TCT GCC 

Thr Scr Ala 



GAC ATG GCT 



TTC 9 5 

Phc 
3 0 

TTA 14 3 

Leu 



GCT 1 9 I 

A I a 



AAC 239 
A j n 
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Thr Ala Tyr Leo Glo Mc Aid A i n Leo Lyi Ser Glu Aip Mcl All Thr 
« 0 8 5 9 0 

TAT TTC TGT GCA AG A TGG GAG OTT TAC CAC GGC TAC GTT CCT TAC TGG 335 

Tyr Phc Cyi Ala Ar g Trp Glu Vil Tyr His Gly Tyr Vil Pro Tyr Trp 

93 10 0 10 5 110 

GGC CAA GGG ACC ACG GTC ACC GTT TCC TCT GGC GOT GGC GGT TCT GOT 383 

Gly GU Gly Thr Thr Val Thr Vil Scr Ser Oly Gly Gly Gly Scr Oly 
1 1 5 120 125 

GGC GGT GGC TCC GGC GGT GGC GGT TCT G AC ATC CAG CTG ACC C A G TCT 43 1 

Oly Gly Gly Scr Gly Gly Gly Gly Ser Asp lie Gin Leu Thr Gin Scr 

13 0 13 5 14 0 

CAC AAA TTC CTG TCC ACT TCA GTA GOA OAC AGO GTC AGC ATC ACC TGC 479 

His Lyi Phc Lea Scr Thr Scr Vtl Gty Asp Arg Val Scr lie Thr Cyj 

! 4 5 15 0 15 5 

AAO GCC AGT CAG GAT GTG TAT A A T GCT GTT GCC TGG TAT C*A ~ AG A A. A 527 

Lyi Ala Scr Glo Asp Vtl Tyr Asn Alt Val Ala Trp Tyr Glo Gin Lys 

16 0 16 5 170 

CCA GGA CAA TCT CCT AAA CTT CTG ATT TAC TCG GCA TCC TCC CGG TAC 575 

Pro Gly Glo Scr Pro Lys Leo Leu lie Tyr Scr Ala Scr Scr Arg Tyr 



17 5 18 0 18 5 



1 9 0 



ACT GGA GTC CCT TCT CGC TTC ACT GGC AGT GGC TCT GOG CCO GAT TTC 623 

Thr Gly Vtl Pro Scr Arg Phc Thr Gly Ser Oly Scr Oly Pro Aip Phc 

195 200 205 

ACT TTC ACC ATC AOC AGT GTG CAG GCT G A A G AC CTG GCA GTT TAT TTC 67 1 

Thr Phc Thr lie Scr Scr Val Gin Ala Glu Asp Leu Ala Val Tyr Phc 

2 10 2 15 2 2 0 

TGT CAG CAA CAT TTT CGT ACT CCA TTC ACC TTC GGC TCG GGG ACA AAA 719 

Cys Gin Gin His Phc Arg Thr Pro Phc Thr Phc Gly Scr Gly Thr Lyi 

225 230 235 

TTG GAG ATC TAGCTGATCA AAGCTCTAGA 748 

Leu Glu lie 



( 2 ) INFORMATION FOR SEQ ID NO J: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 241 amino acids 
( B ) TYPE: unmo acid 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO J: 

Scr Gin Val Gin Leu Gin Glo Scr Oly Pro Glu Leu Lys Lys Pro Gly 
1 5 10 15 

Glu Thr Val Lys lie Scr Cys Lys Ala Ser Oly Tyr Pro Phc Thr Aid 
2 0 2 5 30 

Tyr Gly Mcl Asn Trp Val Lys Gin Ala Pro Gly Glo Oly Leu Lys Trp 
3 5 40 4 5 

Me l Gly Trp lie Aan Thr Scr Thr Gly Glu Scr Thr Phe Ala A.p Asp 
50 55 60 

Phc Lys Gly Arg Phc Aip Phc Scr Leu Glu Thr Scr Ala Asn Thr Ala 



6 5 7 0 



B 0 



Tyr Leu Gin lie Asn Asn Leu Lys Scr Glu Asp Met Alt Thr Tyr Phc 
8 5 90 9 5 

Cys Ala Arg Trp Olu Val Tyr His Gly Tyr Val Pro Tyr Trp Gly Gin 



1 0 0 



1 1 0 



Oly Thr Tbr Val Thr Val Scr Scr Gly Oly Gly Gly Scr Gly Gly Gly 
1 1 5 12 0 12 5 

Oly Scr Gly Oly Gly Gly Scr Ai ? lie Gin Lou Thr Glu Scr His Lys 
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Phc Leu Scr Thr Scr Val Gly Asp Arg Vi I Scr lie Thr C y s Lys Alt 

145 150 155 " 160 

Scr Gl o Asp Val Tyr Am Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly 

16 5 17 0 17 5 

Gl a Scr Pro Lyi Leo Leu lie Tyr Scr Ala Scr Scr Arg Tyr Thr Oty 

18 0 18 5 19 0 

Val Pro Scr Arg Phc Thr Gly Scr Gly Scr Oty Pro Asp Phc Thr Pic 

195 100 205 

Thr lie Scr Scr Val Gl a Ala Glu Asp Leu All Val Tyr Phc Cyi Gin 

2 1 0 2 1 5 2 2 0 

Glo His Phc Arg Thr Pro Phc Thr Phc Gly Scr Gly Thr Lys Leu Glu 

225 230 235 240 



( 2 ) INFORMATION FOR SEQ ID NO:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 2233 baac pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA 

( i i i ) HYPOTHETICAL: NO 

( t v ) ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Mouse and E. coli 
( C ) INDIVIDUAL ISOLATE: Ecoli 

(vi i ) IMMEDIATE SOURCE: 

( B ) CLONE: pWW6 16 

(ii) FEATURE: 

( A ) NAME/KEY: CDS 
( B ) LOCATION: 23..21J5 

( D ) OTHER INFORMATION: /notc=**89*445 FRP5 heavy chain 
vacritnntin; 446-190 15 aa linker sequence; 491-814 
FRP5 light chain vacdomain; 815*2155 coding region 
of pboA 

( i x ) FEATURE: 

( A ) NAME/KEY: 5'UTR 
( B ] LOCATION: 1.J2 

( D ) OTHER INFORMATION: /rnnction=**ompA 5' non-coding 
region** 

( i x ) FEATURE: 

( A ) NAME/KEY: aig_pcpudc 
( B ) LOCATION: 23..S5 

( D ) OTHER INFORMATION: /note=*'cmpA signal peptide" 

C i x ) FEATURE: 

( A ) NAME/KEY: 3'UTR 
( B ) LOCATION: 2156-2233 

( D ) OTHER INFORMATION: /fanaioc="phoA 3' non-coding 
region" 

( i % ) FEATURE: 

( A ) NAME/KEY: mai_pcpudc 
( B ) LOCATION: 86^155 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO;6: 

TCTAGATAAC GAGGCGCAAA A A ATG AAA A AG ACA OCT ATC GCG ATT GCA GTG 52 
Mel Lys Lys Thr Ala lie Ala lie Ala Val 

-21-20 - I 5 



GCA CTG GCT GGT TTC GCT ACC GTA OCG CAA GCT TCT CAG GTA C A A CTG 



I 0 0 
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Ala Leu All Gly Phc Ala Thr Val Al, Gin Ala Scr Gin V.I Glo Leu 

- 10 . 5 ( 5 

CAC CAC TCT GGA CCT GAA CTG AAG A AG CCT G O A GAG ACA GTC A A G ATC 

Glc Gin Scr Gl y P- 0 Glu Leu Ly, Ly, Pro Gly Glu Thr Val Lys lie 

10 1 -> 2 0 

TCC TGC AAG GCC TCT GGG TAT CCT TTC ACA AAC TAT GGA A T G A A C TGG 

Scr Cy, Lys Ala Scr Gly Tyr Pro Phc Thr Asn Tyr Gly Mc l Aso Trp 

25 30 35 

GTG AAG CAG OCT CCA GGA CAG GGT TTA AAG TGG ATG GGC TGG ATT AAC 

Val L,s G I o Ala Pro Gly Gin Gly Leu Ly, Trp Met Gly Trp lie A.n 

40 *5 jo 

ACC TCC ACT GGA GAG TCA ACA TTT OCT GAT G AC TTC AAG OOA CGO TTT 

Thr Scr Thr Gly Glu Scr Thr Phc Ala A, p Asp Phc Ly, Gly Arg Phc 

55 60 6J 

GAG TTC TCT TTG GAA ACC TCT GCC AAC ACT GCC TAT TTC CAG ATC AAC 

l '« lyr Leu Gin Mc Asn 

80 85 



~ I: ott AAC ACT GCC TAT TTC CAG ATC AAC 

Aip Pbc Scr Leu Glu Thr Scr Ala Asa Thr Ala Tyr Leu Gin Mc Ain 
70 " 8 0 8 5 

AAC CTC AAA AGT GAA O AC ATG GCT ACA TAT TTC TGT GC A A G A TGG GAG 
Asn Leu Lys Scr Glo Asp Met Ala Thr Tyr Phc Cya Al. Arg Trp Glu 
90 95 ioo 

GTT TAC CAC GGC TAC GTT CCT TAC TGG GGC CAA GGG ACC ACO GTC ACC 
Val Tyr Hi, Gl, Tyr Val Pro Tyr Trp Gly Gin Oly Thr Thr Val Thr 
105 110 i ! 5 

GTT TCC TCT OOC OCT GGC GGT TCT GGT OGC GGT GGC TCC GGC GGT GGC 
V. Scr Scr Gly Gly Gly Gly Scr Gly Gly Gly Gly Scr Gly Gly Gly 
120 125 130 j j j 

GOT TCT GAC ATC CAG CTG ACC CAG TCT CAC AAA TTC CTG TCC ACT TCA 
Gly Scr Asp Mc Glo Leu Thr Gin Scr Hii Ly. Phc Leu Scr Thr Scr 
135 140 145 

GTA GGA GAC AGG GTC AGC ATC ACC TGC AAG GCC AGT CAG GAT GTG TAT 
Val Gly Asp Arg V.I Scr Mc Thr Cy« Lys Ala Scr Gin Asp Val Tyr 

150 15 * i6o 

AAT GCT GTT GCC TGG TAT CAA CAG AAA CCA GGA CAA TCT CCT AAA CTT 

Ala V.l Ala Trp Tyr Gin Gin Ly, Pro Gl, Gin Scr Pro Lys Leu 

170 175 i 8 o 

CTO ATT TAC TCG OCA TCC TCC CGG TAC ACT "GGA GTC CCT TCT CGC TTC 
Leu He T yr Scr. Ala Scr Scr Arg Tyr Thr Gl, Val Pro Scr Arg P b 
18 5 i9 0 i 9 5 

ACT GGC AGT GGC TCT GGG CCG GAT TTC ACT TTC ACC ATC AOC AGT GTG 
Thr Gly Scr Gly Scr Gl, Pro Asp Phc Thr Phc Thr Mc Scr Scr V.l 
200 105 2 10 

CAG GCT GAA GAC CTG GCA GTT TAT TTC TGT CAO CAA CAT TTT COT ACT 
A a Glu A.p Leu Al. Val Tyr Phc Cya Oln Gin Hi, Phc Arg Thr 
21 5 220 225 

CCA TTC ACG TTC GGC TCG GGG ACA AAA TTG GAG ATC AAA GCT C T A GAG 
Pro Phc Thr Phc Oly Scr Gly Thr Lys Leu Glu Mc Lys Ala Lc» Glu 
230 240 245 

CCT GTT CTG GAA AAC CGG OCT GCT CAG GGC OAT ATT ACT GCA CCC GGC 
Pro Val Leu Glu A,d Arg Al. Ala Oln Oly A, P Mc Thr Ala Pro Gl y 
250 255 2 60 

GGT GCT COC COT TTA ACG GOT OAT CAG ACT GCC GCT CTG COT OAT TCT 
Gly Ala Arg Arg Leu Thr Gly Asp Gin Thr Ala Ala Leu Arg Asp Scr 
265 270 275 

CTT ACC GAT AAA CCT OCA AAA AAT ATT ATT TTG CTG ATT GGC GAT GGG 

1 . 2 ' ' ASP LyS Pr ° Ala Ly * AlQ 11 c Ilc Lcu Lc « Ne Gly Asp Gly 

2 80 285 290 

ATO GOO GAC TCG GAA ATT ACT GCC GCA COT AAT TAT OCC GAA GGT CCG 
Met Gly Asp Scr Glu Mc Thr Ala Ala Arg A.n Tyr Ala Glu Gly Al. 
295 300 305 

GGC GGC TTT TTT AAA GGT ATA OAT GCC TTA CCG CTT ACC GGG CAA TAC 
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Gly Gly Phc Phc Lys Gly Mc Asp Ala Leu Pro Leu Tbr Gly Gin Tyr 

3 10 3 15 320 325 

ACT CAC TAT GCG CTG AAT AAA AAA ACC GGC AAA CCG GAC TAC GTC ACC 1108 

Thr His Tyr Ala Leu Asa Lyi Lyj Th - Gly Lys Pro Asp Tyr Val Thr 

330 335 340 

GAC TCG GCT GCA TCA GCA ACC GCC TGG TCA ACC OCT GTC AAA ACC TAT 1156 

Asp Scr Ala Ala Ser Al i Thr Ala Trp Ser Thr Gly Val Lyi Thr Tyr 

345 3 5 0 355 

AAC GGC GCG CTG GGC GTC GAT ATT CAC G A A AAA GAT CAC CCA ACG ATT 1204 

Asn Gly Ala Leu Gly Vil Asp lie Hi j Glu Lyi Asp His Pro Thr lie 

3 6 0 3 6 5 3 7 0 

CTG G A A ATG GCA AAA GCC GCA GOT CTG GCG ACC GGT AAC GTT TCT ACC 1252 

Leu Glu Mel Ala Lys Ala Ala Gly Leu Ala Thr Gly Asn Val Scr Thr 

3 7 5 3 8 0 3 8 5 

!UV* QAO TTG CAG GAT GCC ACG CCC GCT GCG CTG GTG GCA CAT GTO ACC 1300 

Alt Glu Leu Gin Aip Alt Tbr Pro Ala Ala Leu Val Ala His Val Thr 

390 395 400 405 

TCG CGC AAA TGC TAC GGT CCG AGC GCG ACC AG T G A A AAA TOT CCG GGT 1348 

Scr Arg Lys Cjs Tyr Gly Pro Scr Ala Thr Scr Glu Lys Cys Pro Gly 

4 10 4 15 4 2 0 

AAC GCT CTG G A A AAA GGC GGA AAA GGA TCG ATT ACC G A A CAG CTG CTT 1396 

Asn Ala Lew Glu Lys Gly Gly Lys Gly Scr lie. Tbr Glu Gin Leu Lea 

425 430 435 

AAC GCT CGT GCC GAC GTT ACG CTT GGC GCC GGC GCA AAA ACC TTT GCT 1444 

Asn Ala Arg Ala Aip Val Tbr Leu Gly Gly Gly Ala Lys Thr Phc Ala 

4*0 445 450 

GAA ACO GCA ACC OCT GOT G A A T GO CAG GO A AAA ACG CTG CGT GAA CAG 1492 

Glu Thr Ala Thr Ala Gly Glu Trp Gin Gly Lyi Tbr Leu Arg Glu Gin 

*55 460 465 

GCA CAG GCG CGT GGT TAT CAG TTG GTG AGC GAT GCT GCC TCA CTG AAT 1540 

Ala Gin Ala Arg Gly Tyr Gin Leu Val Ser Asp Ala Ala Scr Leu Asn 

470 ^75 480 485 

TCG GTG ACG GAA GCG AAT CAC C A A AAA CCC CTG CTT GGC CTG TTT GCT 1588 

Scr Val Thr Glu Ala Asn Gin Gin Lys Pro Leo Leu Gly Leu Phc Ala 

490 495 500 

GAC GGC AAT ATG CCA GTG CGC TGO CTA O G A CCG AAA GCA ACG TAC CAT 1636 

Asp Q!y Asn Me I Pr-3 Vsl Arg Trp Leu Oly Pro Lys Ala Thr Tyr His 

50 5 510 515 

GGC AAT ATC CAT AAG CCC GCA GTC ACC TGT ACG CCA AAT CCG CAA CGT 1684 

Gly Asn lie Asp Lys Pro Ala Val Thr Cys Tbr Pro Asn Pro Gin Arg 

520 525 530 

AAT GAC ACT GTA CCA ACC CTG GCG CAG ATG ACC GAC AAA GCC ATT GAA 1732 

Asn Asp Scr Val Pro Thr Leu Ala Gin Met Thr Asp Lys Ala Me Glu 

535 540 545 

TTG TTG ACT AAA AAT GAG AAA GGC TTT TTC CTG CAA GTT GAA OOT GCG 1780 

Leu Leu Ser Lys Ain Glu Lys Gly Phc Phc Leu Oln Val Glu Gly All 

550 555 560 563 

TCA ATC GAT AAA CAG GAT CAT GCT GCG AAT CCT TGT GGG CAA ATT GGC 1828 

Scr Mc Asp Lys Gin Asp His Ala Ala Aid Pro Cys Gly Gin Mc Gly 

570 575 580 

GAG ACG GTC GAT CTC GAT GAA GCC GTA CAA COG GCG CTG GAA TTC GCT 1876 

Glu Tbr Val Asp Leu Asp Glu Ala Val Gin Arj Ala Leu Glu Phc Ala 

5 8 5 590 595 

AAA AAG GAG GGT AAC ACG CTG GTC ATA OTC ACC GCT GAT CAC GCC CAC 1924 

L>: Lys Glu Gly Atn Thr Leu Val tic Val Tbr Ala A$p His Ala Hit 

600 605 610 

GCC AGC CAG ATT GTT GCG CCG GAT ACC AAA GCT CCG GGC CTC ACC CAG 1972 

Ala Scr Gin Mc Val Ala Pro Asp Thr Lys All Pro Gly Leu Tbr Gin 

615 620 625 

GCG CTA AAT ACC AAA GAT GGC GCA GTG ATG GTG ATG AG T TAC GGG AAC 2 0 2 0 



f 
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Ala Leu An Thr Lys Asp Gly All V a I Met Val Met Scr Tyr Gly Asa 

630 635 640 643 

TCC GAA GAG GAT T C A C A A G A A CAT ACC GGC AOT CAG TTG CGT ATT GCO 2 0 6 8 

Scr CI u GIu Asp Scr Q I a 01 u His Thr Gly Scr Gin Leu Arg I I c All 

6 5 0 653 660 

GCG TAT GGC CCG CAT GCC GCC A A T GTT GTT GG A CTG ACC G A C CAG ACC 2116 

Ala Tyr Gly Pro His Ala Ala Aid Val Val Gly Leu Thr Asp Gin Thr 

665 670 675 

GAT CTC TTC TAC ACC ATG AAA GCC GCT CTG GGG CTG AAA TAAAACCGCG 2 165 

Asp Leu Phc Tyr Thr Met Lys Ala Ata Leo Gly Leu Lyi 

6 8 0 6 8 5 6 9 0 

CCCGGCAGTO AATTTTCGCT GCCGGGTGGT TTTTTTGCTG TTAGCAACCA OACTTAATGG 2225 

CAGAGCTC 2233 

( 2 ) INFORMATION TOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 711 amino acids 
( B ) TYPE: amino add 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

Met Lys Lya Thr Ala Mc Ala lie Ala Val Ala Leu Ala Gly Phc Ala 

-21-20 -15 -10 

Thr Val Ala Gtn Alt Scr Gin Val Glo Leu Gin Gin Scr Gly Pro Glo 

* 5 1 5 10 

Leu Lya Lyi Pro Gly Glu Thr Val Lys Mc Scr Cys Lys Ala Scr Gly 

15 2 0 2 5 

Tyr Pro Pbc Tnr Asn Tyr Gly Met Am Trp Val Lys Gin Ala Pro Oly 

3 0 3 5 4 0 

Gin GlyLco Lys Trp Met Oly Trp lie AsnThrScr Thr Gly Glu Ser 

4 5 5 0 5 5 

TnrPbc Ala Asp Asp Phc Lys Gly Arg Phc Asp Phc Scr Leu Glu Thr 

6 0 6 5 7 0 7 5 

Scr Ata Asn Thr Ala Tyr Leu Glo !!? A.n iVso Leu Lys Scr Glu Aip 

8 0 8 5 9 0 

Mel Ala Thr Tyr Phc Cyt Ala Arg Trp Glu Val Tyr His Gly Tyr Vil 

9 5 10 0 10 5 

Pro Tyr Trp Gly Glo Oly Thr Thr Val Thr Val Scr Scr Gly Gly Gly 

110 lis 120 

Gly Scr Gly Oly Oly Gly Scr Gly Gly Gly Gly Scr Asp lie Gin Leu 

12 5 13 0 13 5 

Thr Gin Scr His Lyt Pbc Leu Scr Thr Scr Val Gly Asp Arg Val Scr 

»40 145 150 155 

Mc Thr Cys Lys Ala Scr Glo Asp Val Tyr An Ala Val Alt Trp Tyr 

16 0 16 5 17 0 

Gin Gin Lys Pro Gly Glo Scr Pro Lys Leu Lou lie Tyr Scr Ala Scr 

17 5 18 0 18 5 

Scr Arg Tyr Thr Gly Val Pro Scr Arg Phc Thr Gly Scr Oly Scr Gly 

19 0 19 5 2 0 0 

Pro Asp Phc Thr Phc Thr Mc Scr Scr Val Gin Ala Glu Aip Leu Ala 

2 0 5 2 10 2 15 

V.l Tyr Phc Cys Gin Gin His Phc Arg Thr Pro Phc Thr Phc Gly Scr 

2 2 0 2 2 5 2 3 0 2 3 5 

Gly Thr Lys Leu Olu Mc Lys Ala Leu Glu Pro Val Lou Glu Aid Arg 



( 



( 
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240 245 250 

Ala Ala Gin Gl y Aip lie Thr Ala Pro Qly Oly A! t Arg Arg Leu Tbr 

255 260 265 

Gly Asp Gin Thr Ala All Leu Arg Asp Scr Leo Scr Atp Lys Pro Ala 

2 7 0 2 7 5 2 8 0 

Lys Asa lie lie Leu Leu lie Gly Asp Gly Met Gly Asp Scr Glu lie 

285 290 295 

Thr Ala Ala Arg Aid Tyr Ala Glu Gly Alo Gly Gly Phc Pbc Lys Gly 

300 305 310 315 

lie Asp Ala Leu Pro Leu Thr Gly Gin Tyr Thr His Tyr Ala Leu Aid 

320 325 330 

Lyi Lys Thr Gly Lys Pro Asp Tyr Val Thr Asp Scr Ala Ala Scr Ala 

335 340 345 

Thr Ala Trp Scr Thr Gly Val Lys Thr Tyr Asa Gly Ala Leu Gly Vil 

350 355 360 

Aap Me His Glu Lys Asp Hit Pro Thr lie Leu Glu Mcl Ala Lys Ala 

365 370 375 

Ala Gly Leu Ala Thr Gly Asd Val Scr Thr Alt Glu Leu Gin Asp Ala 

380 385 390 395 

Thr Pro Ala Ala Leu Val Ala His Val Thr Scr Are Lys Cys Tyr Gly 

400 405 410 

Pro Scr Ala Thr Scr Glu Lys Cys Pro Gly Asa Ala Leu Glu Lys Gly 

415 420 425 

Gly Lys Gly Scr lie Thr Glu Gin Leu Leu Asn Ala Arg Ala Asp Vsl 

430 435 440 

Thr Leu Gly Gly Oly Alt Lys Thr Phc Ala Glo Tbr Ala Thr Ala Gly 

445 450 455 

Glo Trp Gin Gly Lys Thr Leu Arg Glu Gin Ala Glo Ala Arg Gly Tyr 

460 465 470 475 

Gin Leu Val Scr Asp All Ala Scr Leu Asn Scr Val Thr Glu Ala Ain 

4 8 0 4 8 5 4 9 0 

Gin Gin Lys Pro. Leu Leu Gly Leu Phc Ala Asp Gly Asn Mci Pro Vi I 

4 9 5 5 0 0 5 0 5 

Arg Trp Leu Oly Pro Lyi Ala Thr Tyr His Oly Aid lie Asp Lys Pro 

5 10 5 15 5 2 0 

Ala Val Tbr Cys Thr Pro Asn Pro Gin Arg Asa Asp Scr Val Pro Thr 

525 530 535 

Leo Ala Gin Mcl Tbr Asp Lys Ala Mc Glu Leu Leu Scr Lyi Asn Glu 

540 545 550 555 

Lys Gly Pbc Phc Leu G\n Val Glu Gly Ala Scr lie Asp Lys Gin Aip 

5 6 0 5 6 5 5 7 0 

His Ala Ala Asn Pro Cyi Gly Gin lie Oly Ola Tbr Val Asp Leu Aip 

5 7 5 5 8 0 5 8 5 

Glu Ala Val Gin Arg Als Leu Glu Phc Ala Lyi Lys Glu Gly Asn Thr 

5 9 0 5 9 5 6 0 0 

Lcn Val Mc Val Thr Als Asp His Ala His Ala Scr Gin Mc Val Ala 

6 0 5 6 10 6 15 

Pro Asp Thr Lys Ala Pro Gly Leu Thr Gin All Leu Asn Thr Lys Aip 

620 625 630 635 

Oly Ala Val Mcl Val Met Scr Tyr Oly Ain Scr 01 u Olu Asp Scr Oln 

640 645 650 

Ola His Thr Gly Scr Glo Leu Arg lie Ala Ala Tyr Gly Pro His Ala 

6 5 5 6 6 0 6 6 5 



( 
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Ala A,o V.l V.I Cly Leu Thr A.p GIo Tbr A S p Leu Phc Tyr Thr M Cl 
670 675 6 80 

Lyi Alt All Leu Gly Leu Lyj 
6 8 5 £90 

( 2 ) INFORMATION FOR SEQ ID NO:8: 

( I ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 342 base pain 
( B ) TYPE: oneiric acid 
( C ) STRANDEDNESS: single 
(D)TOPOLOGY: linear 

< i » ) MOLECULE TYPE: DNA 

(Mi ) HYPOTHETICAL: NO 

( i v ) ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Mouse 

( C ) INDIVIDUAL ISOLATE: E coli 

( v i i ) IMMEDIATE SOURCE: 

( B ) CLONE: pWW15-VH5M 

( i x ) FEATURE: 

( A ) NAME/KEY: mUc_fcature 
( B ) LOCATION: 1.342 

( D ) OTHER INFORMATION: /aotc»"M4 partial acq. of 
'■ VH1BACK primer region; 82-96 CDR1H; 139-189 CDR2H; 

286-318 CDR3H; 317-342 partial scq. of VH I FOR primer 



( a i ) SEQUENCE DESCRIPTION: SEQ ID N02: 

CTGCAGCAGT CTGGGGCTGA GCTGGTGAGG CCTGGG ACT T CAGTG AAGCT GTCCTGCAAG 

OCTTCTGATT ACACCTTCAC CAGCTACTGG A TG A ACTGGG TGAAGCAGAG GCCTGGACAA 

GGCCTTGAAT GGATTGGTAT GATTGATCCT TCAGACAGTG AAACTCAATA CAATCAAATG 

TTCAAGGACA AGGCCOCATT G A C T G T AG A C AAGTCCTCCA ATACAOCCTA CATOCAACTC 

ACCAGCCTGA CATCTOAGGA CTCTGCOOTC TATTACTGTG CAAAAGGGGG GGC C TCTGGG 

GACTOGTACT T CO A TG TC TG GGGCCAAGGG ACCACGGTCA CC 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 310 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: ringlc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA 

( i i i ) HYPOTHETICAL: NO 

( I v ) ANTI-SENSE: NO 

( vi ) ORIGINAL SOURCE: 

( A ) ORGANISM: Mouse 

( C ) INDIVIDUAL ISOLATE: E. coli 

( v i i t IMMEDIATE SOURCE: 

( B ) CLONE: pWWIS- VLSI -I 

( t a ) FEATURE: 

( A ) NAME/KEY: mbc_Jcamrc 
( B ) LOCATION: 1.310 

( D ) OTHER INFORMATION: /ootc=n-18 partial acq. of 

VKIBACK primer region; 64-96 CDRIL; 142-162 CDR2L; 
259-282 CDR3L; 292-310 partial icq. of VK IFOR 
primer region 



( 



{ 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS: 

CAGCTGACCC AGTCTCC ATC CTCACTGTCT GCATCTCTGG GAGGCGAAGT CACCATCACT 60 

TGCAAGGCAA GCCAAGACAT TAAGAAGTAT ATAGCTTGGT ACCAACACAA GCCTGGAAAA 120 

AGTCCTCGGC TACTCATACA CTACACATCT GTAT T AC AG C CAGGCATCCC ATCCAGGTTC 180 

AGTGGAAGTG GGTCTGGOAG AOATTATTCC TTCAOCATCC ACAACCTGGA GCCTGAAGAT 240 

ATTGCA ACTT ATTATTGTCT ACATTATGAT TATCTGTACA CGTTCGGAGG GGGCACCAAG 300 

CTOGACATCT 3 , 0 



( 2 ) INFORMATION FOR SEQ ID NO:1fc 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 748 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDED NESS: single 
( D ) TOPOLOOY: linear 

( i i ) MOLECULE TYPE: DNA 



( i i i ) HYPOTHETICAL: NO 



( i v > ANTI-SENSE: NO 



( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Mouse 

( C ) INDIVIDUAL ISOLATE: E. coli 



( v i i ) IMMEDIATE SOURCE: 

( B ) CLONE: pWW15-F*51 



( i x ) FEATURE: 

( A ) NAME/KEY: CDS 
( B ) LOCATION: 6„728 

{ D > OTHER INFORMATION: /note="l-8 synthetic spaccr,9-368 
FWP51 Heavy CbainVacDom.^9- 113 CDR1H; 156-206 
CDR2HJ03- 335 CDR3H-J69-413 Syn.Spcn41 4-728 FWP51 
Ufbi auinVarDum;483-5l5 CDR1U561-581 CDR2U 
729-748 Syn-Spcn 

( x i J SEQUENCE DESCRIPTION: SEQ ID NO:10: 

AAGCT TCT CAO OTA C A A CTG CAO CAO TCT GGO OCT GAG CTG GTG AGG 
Scr O • ? . V e | Gin Leu Gin Gin Scr Gly Ala CI u Let Val Arg 
I 5 .10 



CCT GGG ACT TCA GTG A A G CTG TCC TGC A AG GCT TCT GAT TAC ACC TTC 95 

Pro Gly Thr Scr Val Lp Leo Scr Cys Lyi Ala Scr Asp Tyr Thr Phc 

» 5 2 0 2 5 3 0 

ACC AGC TAC TGG ATG A A C TGG GTG A A G CAG AGG CCT GGA CAA GGC CTT 143 

Thr Scr Tyr Trp Mel Aid Trp Vat Lyi Gin Arg Pre Gly Gtn Gly Leu 

3 5 4 0 4 5 

GAA TGG ATT GOT ATG ATT GAT CCT TCA OAC AOT G A A ACT CAA TAC AAT 191 

Ola Trp I Ic Gly Met lie Asp Pro Scr Asp Scr Glu Tor Gin Tyr Asn 

SO 5 5 6 0 

CAA ATG TTC A A G G AC A A G GCC OCA TTG ACT GTA OAC A AG TCC TCC AAT 239 

Gtn Mc i Phc Lys Asp Lys Ala Ala Leu Thr Val Asp Lys Scr Scr Am 
6 5 7 0 7 5 

ACA GCC TAC ATG CAA CTC AGC AGC CTG ACA TCT GAG G AC TCT GCG GTC 287 

Thr Ala Tyr Met Gin Leu Scr Scr Leu Tbr Scr Glu Asp Scr Ala Vi I 

8 0 8 5 9 0 

TAT TAC TGT GCA AAA GGO OOO GCC TCT OGG GAC TOG TAC TTC GAT GTC 335 

Tyr Tyr Cyi Ala Lys Gly Oly Ala Scr Gly Asp Trp Tyr Pbc Asp Val 

95 100 105 MO 

TGG GGC CAA GGG ACC ACG GTC ACC GTT TCC TCT GGC GGT GGC GGT TCT 383 

Trp Gly Gin Gly Thr Thr Vat Thr Val Scr Scr Gly Gly Gly Gly Scr 

115 12 0 12 5 

GGT GGC GGT GGC TCC GGC GGT GGC GGT TCT GAC ATC CAG CTG ACC CAG 43 1 
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Gly Gly CI y Oly Scr Gly fi I y Gl j Gly Scr Asp Mo Gin L 



1 3 0 



c u T h r G 1 d 



1 4 0 



TCT CCA TCC TCA CTG TCT CCA TCT CTG GO A GOC O A A OTC ACC ATC ACT 479 

Scr Pro Scr Scr Leu Scr Ala Scr Leu Oly Qly Gl u Vtl Thr lie Thr 

145 150 155 

TGC AAG GCA AGC CAA G A C ATT A A G A A G TAT ATA GCT TGG TAC CAA CAC 527 

Cys Lp Alt Scr Gin Aip Itc Lys Lyi Tyr I] c Ala Trp Tyr Olo His 

160 165 170 



AAG CCT OCA AAA AGT CCT CGG C T A CTC ATA CAC TAC AC A TCT OTA TTA 575 
Lys Pro Gly Lyi Scr Pro Arg Leu Lea Mc Hit Tyr Thr Scr Vol Leu 

180 185 l90 



I 7 5 



CAG CCA GGC ATC CCA TCC AGO TTC AGT GGA AGT G GO TCT GOO AO A OAT 623 

Gl a Pro Oly lie Pro Scr Arg P b c Scr Gly Scr Oly Scr Oly Arg Asp 

1 9 5 200 203 

TAT TCC TTC AGC ATC CAC AAC CTG GAG CCT G A A OAT ATT GCA ACT TAT 671 

Tyr Scr Phc Scr lie His Asn Leu Glu Pro Gl u Asp lie Ala Thr Tyr 

2 10 2 15 22 0 

TAT TGT CTA CAT TAT GAT TAT CTG TAC ACG TTC GOA OOG GGC ACC AAG 7 19 

Tyr Cys Leu His Tyr Asp Tyr Leu Tyr Thr Phc Gly Oly Gly Thr Lyi 

225 230 235 

CTG GAG ATC TAGCTGATCA AAGCTCTAGA 748 

Leu G I u lie 



( 2 ) INFORMATION POR SEQ ID NO:lI: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 241 unino acids 
( B ) TYPE: unino acid 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l 1: 

Scr GId Val Gin Leo Gin Olo Scr G 1 y A 1 a Glu Leu Vil Arg Pro Gly 
1 5 10 15 

Thr Scr Val Lys Leo Scr Cys Lys Ala Scr Asp Tyr Thr Phc Thr Scr 
2 0 2 5 30 

Tyr Trp Mcl Aid Trp Val L > s O ! = Arg Pro Gly G 1 a Gly Lca Glu Trp 



3 5 40 



4 5 



Mc Gly Mcl lie Asp Pro Scr Asp Scr Gtu Thr Oln Tyr Ati 



GId Met 



Phc Lys Aip Lys All Ala Leu Thr Val Asp Lys Scr Scr Asn Thr Ala 
65 70 75 80 

Tyr Met Gin Leu Scr Scr Leu Thr Scr Olu Asp Scr All Val Tyr Tyr 



8 5 



9 S 



Cys Ala Lys Gly Oly Ala Scr Gly Asp Trp Tyr Phc Asp Val Trp Gly 

100 105 mo 7 

Glo Gly Thr Thr Val Tbr Val Scr Scr Gly Gly Gly Gly Scr Gly Gly 

1 1 5 12 0 125 

Oly Gly Scr Gly Gly Gly Gly Scr Asp lie Gin Leu Thr Oln Scr Pro 

130 135 140. 

cr Scr Leu Scr Ala Scr Leu Oly Oly Olu Val Tbr lie Tbr Cys Lys 



1 4 5 



'55 160 



Ala Scr Gin Asp lie Lyi Lys Tyr lie Ala Trp Tyr .GId His Lyi Pro 

163 170 175 

Gly Lys Scr Pro Arg Leo Leu lie His Tyr Thr Scr Val Leu Gin Pro 

180 1 > 5 190 

Oly Mc Pro Scr Arg Phe Scr Gly Scr Gly Scr Qly Arg Aip Tyr Scr 
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193 200 205 

Pfa c S c r lie His A s n Leu Glu Pro GIu Ai p lie Ala Thr Tyr Tyr Cyi 

2 10 2 15 2 2 0 

Leu His Tyr Asp Tyr Leu Tyr Thr Phc Gly Gly Gly Thr Lys Leu Glu 

225 230 23 5 240 



( 2 ) INFORMATION FOR SEQ ID NO: 12: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 201 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
C D ) TOPOLOGY: linear 

C i i ) MOLECULE TYPE: DNA 

( i t i ) HYPOTHETICAL: NO 

( i v ) ANTI-SENSE: NO 

( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Pscudomonis acnigiaosa PAK 
{ C ) INDIVIDUAL ISOLATE: E. egli 

( v i i J IMMEDIATE SOURCE: 

( B ) CLONE: pWW22 

( i x ) FEATURE: 

( A ) NAME/KEY: mbc_fcaluic 
( B ) LOCATION: 1..201 
.(D) OTHER INFORMATION: /notc^'lroni 1 to 27 synthetic 
spacer, from 29 to 201 partial exotoxin A sequence 
corrcjponding lo nucleotide positions 1574 to 1747 
bp or the cioioxin A sequence (Gray cl aL) 

( x ) PUBLICATION INFORMATION: 
( A 1 AUTHORS: Gray, ct aL 
( C ) JOURNAL: Proa Natl. Acad. Sci. U.S.A. 
( D ) VOLUME: SI 
( F ) PAGES: 2645-2649 
< G J DATE: 1984 

( K ) RELEVANT RESIDUES IN SEQ ID NO:12: FROM 29 TO 201 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:12: 
AAGCTTAA GG AGATCTGCAT GCTTC T AG A G GGCGGCAGCC TGGCCGCGCT GACCGCGCAC 60 
CAGGCCTGCC ACCTGCCGCT GGAGACTTTC ACCCGTCATC GCCAGCCGCG CGGC TGGG A A 120 
CAACTGGAGC AGTGCGGCTA TCCGGTGCAG CGGCTGGTCG CCCTCTACCT GGCGGCGCGA 180 
CTGTCATGGA ACCAGGTCGA C 201 



( 2 ) INFORMATION FOR SEQ ID NO: 13; 

( 1 ) SEQUENCE CHARACTERISTICS : 
( A ) LENGTH: 2012 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA 

( i i i ) HYPOTHETICAL: NO 

( i v ) ANTI-SENSE; NO 

( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Mousc/Pscudomooas aeruginosa 
( C ) INDIVIDUAL ISOLATE: E. cob* 



( v i i ) IMMEDIATE SOURCE: 

( B ) CLONE: pWW2l5-5 
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( « % ) FEATURE: 

( A ) NAME/KEY: CDS 
( B ) LOCATION: 1„1911 

( D ) OTHER INFORMATION : /coic^'64-87 FLAG peptide and 
cnicroLjiuc cleavage tile; 97 "53 heavy chain 
variable domain;454-49S 15 ai linker sequence; 
499-822 FRP5 tight chain variable domain 

( i a ) FEATURE: 

t A ) NAME/KEY: sig_pcjKidc 
( B ) LOCATION: U63 

( D ) OTHER INFORMATION: /aotc^ompA signal peptide** 

( i x ) FEATURE: 

( A ) NAME/KEY: naL_pcptidc 
( B ) LOCATION: 94„ 1911 

( i x ) FEATURE; 

( A ) NAME/KEY: 3'UTR 
( B ) LOCATION: 1912-2012 

( D ) OTHER INFORMATION: /Tuaction^'noo-codins region of 
ibe exotoxin A gene" 

( i x ) FEATURE: 

( A ) NAME/KEY: nrisc_feaiurc 
( B ) LOCATION: 826-1911 

( D ) OTHER INFORMATION: toote="Exo toxin A gene coding 
region (coding for ammo acid] 252 U 613 or (he 
maiure exotoxin A)" 

(xt) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

ATC AAA A A G ACA GCT ATC GCO ATT G C A GTG GCA CTG GCT GGT TTC GCT 48 

Met Lyi Lys Thr Ala lie Ala lie Ala Val Ala Leu Ala Gly Pbc Ala 

-31-30 -25 -20 

ACC GTT GCG CAA GCT GAC TAC A A G GAC GAC GAT GAC A A G CTA OCT TCT 96 

Thr Val Ala Gin Ala Asp Tyr Lya Aip Asp Asp Asp Lys Leu Ala Ser 

- 1 5 - 1 0 .5 i 

CAG GTA CAA CTG CAG CAG TCT GGA CCT G A A CTG A AG A AG CCT GGA GAG 144 
Gin Val Gin Leu Gin Gin Scr Gly Pro Glu Leo LysLys Pro Gly Gin 
5 10 1 5 

ACA OTC A A G ATC TCC TGC A AG GCC TCT GGG TAT CCT TTC ACA AAC TAT 192 
Thr Val Lya lie Scr Cyi Lys Ala Ser Gly Tyr Pro Pbc Thr Ain Tyr 
10 2 5 3 0 

OGA ATG AAC TGC OTG A AG CAG GCT CCA GGA CAG GGT TTA A AG TGG ATQ 240 
Gly Met Asn Trp Val Ly* Gin Ala Pre Gly Gin Gly Leu Lys Trp Met 
3 5 40 45 

GGC TGG ATT AAC ACC TCC ACT OOA GAG TCA ACA TTT GCT GAT GAC TTC 288 
Gly Trp lie Asn Thr Scr Thr Gly Glu Scr Thr Phc Ala Asp Asp Phc 
50 55 60 65 

AAG GGA CGQ TTT OAC TTC TCT TTG CAA ACC TCT GCC AAC ACT GCC TAT 336 
Lys Oly Arg Phc Asp Pbc Scr Leu Glu Thr Scr Ala Asn Thr Ala Tyr 
7 0 7 5 8 0 

TTG CAG ATC AAC AAC CTC AAA AGT 0 A A GAC ATG GCT ACA TAT TTC TGT 384 
Leu Gin lie Asn Asn Leo Lys Scr Glu Aip Met Ala Thr Tyr Phc Cys 
8 5 9 0 9 5 

GCA AO A TGG GAG GTT TAC CAC GGC TAC GTT CCT TAC TGG GGC CAA GGG 432 
Ala Art Trp Glu Val Tyr His Gly Tyr Val Pro Tyr Trp Gly Gin Gly 
10 0 10 5 lio 

ACC ACG GTC ACC GTT TCC TCT OOC GOT OOC OOT TCT OGT GGC GGT GGC 480 
Thr Tbr Val Thr Val Scr Scr Oly Oly Oly Oly Scr Gly Gly Gly Gly 
115 12 0 12 5 

TCC GOC GOT GGC GGT TCT GAC ATC CAG CTG ACC CAG TCT CAC AAA TTC 528 
Scr Gly Gly Gly Gly Scr Asp lie Gin Leu Thr Gin Scr His Lys Phc 
130 13J 140 145 

CTG TCC ACT TCA GTA GGA GAC AOG GTC AGC ATC ACC TGC AAG GCC AGT 576 
Leu Scr Thr Scr Val Gly Asp Arg Val Scr lie Tbr Cys Lys Ala Ser 
15 0 15 5 16 0 



( 
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CAG OAT QTO TAT AAT OCT GTT OCC TGO TAT C A A C A G AAA CCA GGA CAA 624 

Gin Asp Val Tyr Aid Ala Vi I Ala Trp Tyr Glo Gin Lys Pro Gl y Gin 

16 5 17 0 17 5 

TCT CCT AAA CTT CTG ATT TAC TCG G C A TCC TCC CGG TAC ACT GGA GTC 672 

Scr Pro Lys Leo Leu lie Tyr Scr Ala Scr Set Arg Tyr Thr G!y Val 
ISO 185 190 

CCT TCT CGC TTC ACT GGC AGT GGC TCT GGG CCG GAT TTC ACT TTC ACC 720 

Pro Scr Arg Phc Thr Gly Scr Gly Scr Gly Pro Ajp Phc Thr Phc Thr 

195 200 205 

ATC AGC AGT GTG CAG GCT G A A G A C CTG GCA GTT TAT TTC TGT CAG CAA 768 

lie Scr Scr Val Glo Ala GIu Asp Leu Ala Val Tyr Phc Cys Gin Gin 

210 215 220 225 

CAT TTT CGT ACT CCA TTC A C G TTC GGC TCG GGG ACA AAA TTG GAG ATC 8 16 

His Phc Arg Thr Pro Phc Thr Phc Gly Scr Gly Thr Lys Leu Glu lie 
230 235 240 

AAA GCT CTA GAG GGC GGC AGC CTG GCC GCG CTG ACC CCG CAC CAG GCC 864 

Lys Ala Leu Glu Gly Gly Scr Leu Ale Ala Leu Thr Ala Hii Gin All 
245 250 255 

TGC CAC CTG CCG CTG GAG ACT TTC ACC CGT CAT CGC CAG CCG CGC GGC 9 1 2 

Cys His Leu Pro Leu Glu Thr Phc Thr Arg Hii Arg Gin Pro Arg Gly 
260 265 270 

TGG G A A CAA CTG GAG CAG TGC GGC TAT CCG GTG CAG CGG CTG GTC GCC 960 

Trp Glu Gin Leu Glu Gin Cys Gly Tyr Pro Val Gin Are Leu Vi I Ala 

275 280 285 

CTC TAC CTG GCG GCG C G A CTG T C A TGG A A C CAG GTC G A C CAG GTG ATC 1008 

Leu Tyr Leu Ala Ala Arg Leu Scr Trp Ain Gin Val Asp Gin Val lie 

290 295 300 305 

CGC AAC GCC CTG GCC AGC CCC GGC AGC GGC GGC GAC CTG GGC G A A GCG 1056 

Arg Asn Ala Leu Ala Scr Pro Gly Scr Gly Gly Aip Leu Gly Glu Ala 
3 10 3 15 3 2 0 

ATC CGC GAG CAG CCC GAG CAG GCC CGT CT3 GCC CTG ACC CTG GCC GCC 1104 

lie Arg Glu Gin Pro Glo Gin Ala Arg Leu Ala Leu Thr LcuAla Ala 

3 2 5 3 3 0 3 3 5 

GCC GAG AGC GAG CGC TTC GTC CGG CAG GGC ACC GGC AAC GAC GAG GCC 1152 

Ala Glu Scr Glu Arg Phc Val Arg Glo Gly Thr Gly A a n Asp Glu All 
340 345 350 

GGC GCG GCC AAC OCC GAC GTO GTG AOC CTG ACC TGC CCG GTC GCC GCC 1200 



"O I y Ala Ala Asn Ala Asp Val Val Set' Lea Thr Cys ProVal Ala Ala 

355 3 60 365 

GGT G A A TGC GCG GGC CCG GCG GAC AGC GGC GAC GCC CTG CTG GAG CGC 1248 

Gly Glu Cys Ala Gly Pro Ala Asp Scr Gly Asp Ala Leu Leu Glu Ar ( 

370 375 380 385 

AAC TAT CCC ACT GGC GCG GAG TTC CTC GGC GAC GGC GGC GAC GTC AGC 1296 

Asn Tyr Pro Thr Gly Ala Glu Phc Leu Gly Asp Gly Gly Aip Val Scr 

390 395 400 

TTC AGC ACC CGC GGC ACG CAG AAC TGG ACG GTG OAO CGO CTO CTC CAO 1344 

Phc Scr Thr Arg Gly Thr Gin Asn Trp Thr Val Glu Arg Leu Leu Oil 

4 0 5 4 10 4 15 

GCG CAC CGC CAA CTG GAG GAG CGC GGC TAT GTG TTC GTC GGC TAC CAC 1392 

Ala His Arg Gin Leu Glu Glu Arg Gly Tyr Val Phc Val Gly Tyr Hii 

420 425 430 

GGC ACC TTC CTC CAA GCG GCG CAA AGC ATC GTC TTC GGC GGG GTG CGC 1440 

Gly Thr Phc Leu Glu Ala Ala Glo Scr lie Val Phc Gly Gly Val Arg 

435 440 445 

GCC CGC AGC CAG GAC CTC GAC GCG ATC TGG CGC GGT TTC TAT ATC GCC 1488 

Ala Arg Scr Oln Asp Leo Asp Ala lie Trp Arg Gly Phc Tyr lie Ala 

450 455 460 465 

GGC OAT CCG GCG CTG GCC TAC GGC TAC GCC CAG GAC CAG G A A CCC GAC 1536 

Gly Asp Pro Ala Leu Alt Tyr Gly Tyr Ala Glo Asp Gin Glu Pro Asp 

4 7 0 4 7 5 4 8 0 
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GCA COC GGC CGG ATC CGC A A C GOT GCC CTG CTG CGG OTC TAT GTG CCG 1584 
Ala Arg Gl y Arg Mc Arg Aid CI y Alt Leu Leu Arg Val Tyr Val Pro 
485 490 495 

CGC TCG AGC CTG CCG GOC TTC TAC COC ACC AGC CTO ACC CTG GCC GCG 1632 
Ar fi Scr Scr Let Pro Oly Phc Tyr Arg Thr Scr Leu Thr Leu All Ala 
5 0 0 303 510 

CCG GAG GCG GCG GGC GAG GTC G A A CGG CTG ATC GGC CAT CCG CTG CCG 1680 
Pro Glu Ala Alt Gly Glu Val Glu Arj Leu lie Gly His Pro Leo Pro 
5 15 520 525 

CTG CGC CTG G AC GCC ATC ACC GGC CCC GAG GAG G A A OGC GGG CGC CTG 1728 
Leu Arg Leu Asp Ala lie Thr Gly Pro Gl i Glu Glu Gly Gly Arg Leu 
530 535 540 545 

GAG ACC ATT CTC GGC TGG CCG CTO OCC O A G CGC ACC GTG GTG ATT CCC 1776 
Glu Thr lie Leu Oly Trp Pro Leu Ala Oln Arg Thr Val Val Me Pro 
550 553 560 

TCO GCG ATC CCC ACC G AC CCG CGC A A C GTC GGC OGC GAC CTC G AC CCG 1824 
Ser Alt Mc Pro Thr Asp Pro Arg Am Vi I Gly Gly Asp Leu Asp Pro 
565 570 57 5 

TCC AGC ATC CCC GAC AAG GAA CAG GCG ATC AGC GCC CTG CCG GAC TAC 1872 
Scr Scr lie Pro Asp Lys Glu GIo Ala lie Scr Ala Leu Pro Aip Tyr 
580 585 590 

GCC AGC CAG CCC GGC AAA CCG CCG CGC GAG GAC CTG AAG TAACTOCCGC 1921 
Ala Scr Gin Pro Gly Lys Pro Pro Arg Olu Aap Leu Lys 
595 600 603 

OACCGOCCGO CTCCCTTCGC AGO AGC CGGC CTTCTCGGGG CCTGGCCATA CATCAGGTTT 198 1 

TCCTG ATGCC AGCCC AATCG AATATGAA Tt C 2012 

( 2 ) INFORMATION FOR SEQ ID NO:U: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 637 ammo adds 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

Met Lys Lys Thr Ala lie Ala lie Ala Val Ala Lr u Ala Gly Phc I a 



- 3 1 -30 



2 C 



Thr Val Ala Gin Ala Asp Tyr Lys Asp Aip Asp Asp Lyt Leu Ala Ser 

- 1 5 .10 . 5 i 

Glo Val Gin Leu Gin GIo Scr Oly Pro Glu Leu Lys Lyi Pro Gly Olu 

5 10 15 

Thr Val Lyi lie Scr Cyi Lys Ala Scr Gly Tyr Pro Pbc Thr A a n Tyr 

20 25 30 

Gly Mel Asn Trp Val Lys Oln Ala Pro Gly Gin Gly Leu Lys Trp Met 



3 5 



4 5 



Gly Trp lie Asn Thr Scr Thr Gly Glu Scr Thr Pbc 
50 55 60 



Als Asp Asp Pbc 

6 5 



Lys Oly Arg Phc Asp Phe Scr Leu Glu Thr Scr Alt Aid Thr Ala Tyr 



7 0 



8 0 



Leu Gin lie Asn Asn Leo Lys Scr Glu Asp Mcl Ala Thr Tyr Phc Cjs 



8 5 



9 5 



Als Arg Trp Glu ValTyr His Gly Tyr Val Pro Tyr Trp Gly Gin Gly 

100 105 110 

Thr Thr Val Thr Val Scr Scr Gly Gly Gly Gly Scr Oly Gly Gly Gly 

»15 120 I 2 5 

Scr Gly Gly Gly Gly Scr Asp Mc Glo Leu Thr Gl> Ser His Lyi Phc 

130 »35 140 145 



( 



( 
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Leu Scr Tbr Scr Val Gl y Asp Arg Val Scr lie Thr Cys Lys A 1 a Scr 
I 5 0 15 5 16 0 

G 1 n Asp Val Tyr Asn Ala Val Ala Trp Tyr Gin Gin Lyj Pro Gly Gin 
16 5 17 0 17 5 

Scr Pro Lys Leu Leu lie Tyr Scr Ala Scr Scr Arg Tyr Thr Gly Val 

ISO 1 S 5 190 

Pro Scr Arg Phc Tbr Gly Scr Gly Scr Gly Pro Asp Phc Thr Phc Thr 
193 200 205 

lie Scr Scr Val Gin Ala CI u Asp Leu Ala Val Tyr Pbc Cys Gin Gin 

210 215 220 225 

His Pbc Arg Tbr Pro Phc Thr Phc Gly Scr Gly Thr Lys Leu Glu lie 
230 235 240 

Lyi Ala Leu Glu Gly Gly Scr Leu Ala Ala Leu Thr Ala His Gin Ala 
245 250 255 

Cys His Leu Pro Leu Olu Tbr Phc Thr Arg His Arg Oln Pro Arg Gly 

260 265 270 

Trp Glu Gin Leu Glu Gin Cys Gly Tyr Pro Val Gin Arg Leu Val Ala 

275 280 285 

Leu Tyr Leu Ala Ala Arg Leu Scr Trp Asn Gin Val Asp Gin Val lie 

290 295 300 305 

Arg Asn Ala Leu Ala Scr Pro Gly Scr Gly Gly Asp Leu Gly Glu Ala 

310 .315 320, 

lie Arg Glu Gin Pro Glu Gin Ala Arg Leu Ala Leu Thr Leu Ala Ala 
325 330 335 

Ala Glu Scr Glu Arg Phc Val Arg Gin Gly Thr Gly Asn Asp Glu Ala 

3 4 0 3 4 5 3 5 0 

Gly Ala Ala Asn Ala Asp Val Val Scr Leu Thr Cys Pro Val Ala Ala 

355 3 60 365 

Gly Glu Cys Ala Gly Pro Ala Asp Scr Gly Asp Ala Leu Leu Glu Arg 

370 375 380 385 

A a d Tyr Pro Thr Gly Ala Glu Phc Leu Gly Asp Gly Gly Asp Vat Scr 
390 395 400 

Phc Scr Thr Arg Gly Thr Gin Asn Trp Thr Val Glu Arg Leu Leu Gin 
403 410 415 

Ala His Arg Gin Leo Glu Glu Arg Gly Tyr Val Phc Val Gly Tyr His 

420 425 430 

Gly Thr Phc Leu Glu Ala Ala Gin Scr lie Val Phc Gly Gly Val Arg 

435 440 445 

Ala Arg Scr Gin Asp Leu Asp Ala lie Trp Arg Gly Pbc Tyr lie Ala 

<50 455 460 465 

Gly Asp Pro Ala Leu Ala Tyr Gly Tyr Ala Oln Asp Oln Glu Pro Asp 
470 475 480 

Ala Arg Gly Arg lie Arg Asn Gly Ala Leu Leu Arg Val Tyr Val Pro 
485 490 495 

Arg Scr Scr Leu Pro Gly Phc Tyr Arg Thr Scr Leu Thr Leu Ala Ala 

5 0 0 5 0 5 5 10 

Pro Glu Ala Ala Gly Glu Val Glu Arg Leu lie Gly His Pro Leu Pro 

515 520 525 

Leu Arg Leu Aip Ala lie Thr Oly Pro Olu Olu Olu Oly Gly Arg Leu 

530 535 540 545 

Glu Thr Me Leu Gly Trp Pro Leu Ala Glu Arg Thr Val Val lie Pro 
550 555 560 

Scr Ala lie Pro Thr Asp Pro Arg Asn Val Gly Gly Asp Leu Asp Pro 
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565 570 575 

Scr Scr Mc Pro Asp Ly, Glu Gin Ala I lc Scr Al. Leu Pro Asp Tyr 
580 sgs 590 



Ala Scr Gin Pro Oly Lys Pro Pro Arg Glu Asp L 



5 9 5 



6 0 0 6 0 5 



c u L y s 



( 2 ) INFORMATION FOR SEQ ID NO: 15: 

( i } SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 2012 btsc piirs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA 

(iii) HYPOTHETICAL: NO 

{ i v ) ANTVSENSE: NO 

( v i ) ORIGINAL SOURCE" 

( A ) ORGANISM Mousc/Pscudomonas aeruginosa 
( C ) INDIVIDUAL ISOLATE: E. coli 

( t i i ) IMMEDIATE SOURCE: 

( B ) CLONE: pWW2I5-5I 

( i * ) FEATURE: 

( A ) NAME/KEY: CDS 
< B ) LOCATION: L.1911 

( D ) OTHER INFORMATION: /boU^64-87 FLAG peptide and 
catcrokinac cleavage atc;97-456 FWP51 heavy 
chain variable domain; 457- 501 15 u linfar 
sequenced- 822 FWP51 light chain variable 



( i x ) FEATURE: 

( A ) NAME/KEY: sig_pcpudc 
C B ) LOCATION: l„0 

( O ) OTHER INFORMATION: /notc-^ompA signal peptide" 

( i x ) FEATURE: 

( A ) NAME/KEY: raai_ peptide 
( B ) LOCATION: 94..191 1 

( I x ) FEATURE: 

( A ) NAME/KEY: 3*UTR 
( B ) LOCATION: 1912..20I2 

( D ) OTHER INFORMATION: /fcreuoii^3*ixm<oauig region of 
the exotoxin A gone" 

( i x ) FEATURE: 

( A ) NAME/KEY: mUcJeauuc 
( B ) LOCATION: KcU911 

( D ) OTHER INFORMATION: /notc=?*Exotoxb A gene coding 
region (coding for amino adds 232 to 613 of the 
mature exotoxin AT 

( x I ) SEQUENCE DESCRIPTION: SEQ ED NO:15: 

ATG AAA A AG A CA OCT ATC GCG ATT GCA OTG G C A CTG OCT GOT TTC OCT 

Met Lys Ly, Thr Al. M c Al. 1U AI a Val Ala Leu A, a Gly Phc Ala 

* 51 ' 30 -25 .20 

ACC GTT GCG CAA OCT OAC TAC A A G O AC CAC GAT GAC A A G C T A OCT TCT 

T Val Ala Gin A a A.p Tyr Ly. A.p A, P Asp Asp Lys Leu Al. Scr 

-»5 -10 . 5 j 

Gin vll nf° « A ° 000 ° CT ° AG CTG GTG AG0 CCT GGG ACT 

Gin V.I Oln Leu Oln Oln Scr Gly Ala Glu I, c u Val Arg Pro Gly Thr 



4 8 



5 10 



I 5 



ler vl? lC? I" ^° GCT TCT ° AT TAC ACC TTC ACC AGC TAC 

Ser Vat Ly, Leu Ser Cy, Ly, Ala Ser Asp Tyr Tbr Phc Thr Scr Tyr 

20 2 * 30 

TGG ATG AAC TOO GTG A AG C AG AOG CCT CCA CAA COC CTT O A A TGO ATT 



1 9 2 



2 4 0 
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Trp Mci Asn Trp Vil Lyi Gin Arg Pro Gly Gin Gly Leu Glu Trp lie 

3 5 4 0 4 5 

GGT ATG ATT GAT CCT TC A G AC AGT G A A ACT CAA T AC A AT CAA ATG TTC 288 

Gly Mc l Mc Aip Pro Scr Asp Scr Glu Thr Gin Tyr Asn Gin Met Phc 

5 0 5 5 6 0 6 5 

A A G GAC A AG GCC GCA TTG ACT GTA G A C A A G TCC TCC A A T A C A GCC TAC 336 

Ly i Asp Lyi Ats All Leo Thr V a 1 Asp Lyt Scr Scr Ain Thr Ala Tyr 

7 0 7 5 8 0 

ATG CAA CTC AGC AGC CTG A C A TCT GAG GAC TCT GCG GTC TAT TAC TOT 384 

Met Gin Leu Scr Scr Leu Thr Scr Glu Aip Scr Ala Val Tyr Tyr Cys 

8 5 9 0 9 5 

GCA AAA GGG GGG GCC TCT GGG GAC TGG TAC TTC GAT GTC TGG GGC CAA 432 

Ala Ly s Gly Gly Ala Scr Gly Asp Trp Tyr Pbc Asp Val Trp Gly Gin 

10 0 10 5 110 

GGG ACC ACG GTC ACC GTT TCC TCT GGC GGT GGC GOT TCT GGT GGC GOT 480 

Gly Thr Thr Val Thr Val Scr Scr Gly Gly Gly Gly Scr Gly Gly Gly 

115 12 0 12 5 

GGC TCC GGC GGT GGC GGT TCT GAC ATC CAG CTG ACC CAG TCT CCA TCC 528 

Gly Scr Gly Gly Gly Gly Scr Asp lie Gin Leo Tbr Gin Scr Pro Scr 

130 135 140 145 

TC A CTG TCT GCA TCT CTG GGA GGC G A A GTC ACC ATC ACT TGC A A G GCA 576 

Scr Leu Scr Ala Scr Leu Gly Gly Glu Val Thr lie Thr Cy s Lys Ala 

15 0 15 5 16 0 

AGC CAA GAC ATT A A G A A G TAT ATA GCT TGG TAC CAA CAC A A G CCT GGA 624 

Scr Gtn Asp lie Lyi Lyi Tyr lie Ala Trp Tyr Gin H i l Lyi Pro Gly 

16 5 17 0 17 5 

AAA AGT CCT COO CTA CTC ATA CAC TAC A C A TCT OTA TTA CAG CCA OOC 672 

Lys Scr Pro Arg Leu Leu lie His Tyr Thr Scr Val Leu Gin Pro Gly 

18 0 18 5 19 0 

ATC CCA TCC AGG TTC AGT GGA AGT GGG TCT GGG AGA GAT TAT TCC TTC 720 

lie Pro Scr Arg Pbc Scr Gly Scr Gly Scr Gly Arg Asp Tyr Scr Phc 

195 200 205 

AGC ATC CAC AAC CTG GAG CCT G A A GAT ATT GCA ACT TAT TAT TGT CTA 768 

Scr lie Hit Asn Lc it Glu Pro Glu Aip lie Ala Thr Tyr Tyr Cy $ Leu 

210 215 220 .225 

CAT TAT GAT TAT CTG TAC ACG TTC GGA GGG GGC ACC A A G CTG GAG ATC 816 

His Tyr A j p Tyr Leu Tyr Thr Phc Gly Oly Gly Tbr Lys Leu Glu Mr 

230 235 240 

AAA GCT CTA GAG GGC GGC AGC CTG GCC GCG CTG ACC GCG CAC CAG GCC 864 

Lys Ala Leu Glu Gly Gly Scr Leu Ala Ala Leu Thr Ala His Gin Ala 

245 250 255 

TGC CAC CTG CCG CTG GAG ACT TTC ACC CGT CAT CGC CAG CCG CGC GGC 9 12 

Cys His Leu Pro Lea Glu Thr Phc Thr Arg His Arg Gin Pro Arg Gly 

260 265 270 

TGG G A A CAA CTG GAG CAG TGC GGC TAT CCG CTG CAG CGG CTG GTC GCC 960 

Trp Glu Gin Leu Glu Glu Cys Gly Tyr Pro Val Glo Arg Leu Val Alt 

275 280 285 

CTC TAC CTG GCG GCG CGA CTG T C A TGG AAC CAG GTC GAC CAG GTG ATC 1008 

Leu Tyr Leu Ala Ala Arg Leu Scr Trp Asa Gin Val Asp Gin Val lie 

290 295 300 305 

CGC AAC GCC CTG GCC AGC CCC GGC AGC GGC GGC GAC CTG GGC G A A GCG 1056 

Arg Asn Ala Leu Ala Scr Pro Gly Scr Gly Gly Asp Leu Gly Glu Ala 

3 10 3 15 3 2 0 

ATC CGC GAG CAG CCG GAG CAG GCC CGT CTG GCC CTG ACC CTG GCC GCC 1104 

lie Arg Glu Gin Pro Glu Gin Ala Arg Leu Ala Leu Thr Leu Ala Ala 

3 2 5 3 3 0 3 3 3 

GCC GAG AGC GAG CGC TTC GTC CGG CAG GGC ACC GGC AAC GAC GAG GCC 1152 

Ala Glu Scr Glu Arg Phc Val Arg Gin Gly Thr Gly Asn Asp Glu Ala 

3 4 0 3 4 5 3 5 0 

GGC GCG GCC AAC GCC GAC GTG GTG AGC CTG ACC TGC CCG GTC GCC GCC 1200 
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Oly Ala A I a A s n Ala Aip Val Vil Scr Leu Tbr C y s Pro Vat Ala Ala 

355 360 365 

OGT G A A TCC GCG GGC CCG GCO G A C A G C OGC GAC GCC CTG CTG GAG CGC 1248 

Gly Gin Cyi Ala Oly Pro Ala Aip Scr Gly Ajp Ala Leu Leo Glu Arg 

370 375 380 385 

AAC TAT CCC ACT GGC GCG GAG TTC CTC GGC GAC GGC GGC GAC GTC AGC 1296 

Asn Tyr Pro Thr Gly Ala Glu Phc Leo Gly Asp Gly Gly Aip Val Scr 

390 395 400 

TTC AGC ACC CGC GGC ACG CAG AAC TOG ACO GTG GAG CGG CTG CTC CAG 1344 

Phc Scr Thr Ar{ Gly Tbr Gin Asn Trp Tbr Val Glu Arg Leu Leu Gin 

4 0 5 4 10 4 15 

GCG CAC CGC C A A CTG GAO GAG CGC GGC TAT GTG TTC OTC OOC TAC CAC 1392 

Ala Hit Arg Gin Leu Glu Qlu Arg Oly Tyr Val Phc Val Gly Tyr His 
4 2 ° 425 430 

OOC ACC TTC CTC G A A GCG GCG CAA AGC AT C . GTC TTC GGC GCG GTG CGC 1440 

Oly Thr Phc Leu Glu All Ala Gin Scr lie Va! Phc Gly Gly Vat Arg 

* 3 5 440 445 

GCG CGC AGC CAG GAC CTC GAC GCG ATC TGG CGC GOT TTC TAT ATC GCC 1488 

Ala Arg Scr Gin Asp Leu Asp Ala 11c Trp Arg Gly Phc Tyr lie Ala 



4 5 0 



4 6 5 



GGC GAT CCG GCG CTG GCC TAC GGC TAC GCC CAG GAC CAG G A A CCC OAC 1536 

Gly Atp Pro Ala Leu Ala Tyr Gly Tyr Ala Gin Asp Gin Glu Pro Asp 

470 475 480 

GCA CGC OGC COO ATC CGC AAC GGT CCC CTG CTG CGG GTC TAT GTG CCG 1584 

Ala Arg Gly Arg lie Arg Asd Gly Ala Leu Leu Arg Val Tyr Val Pro 

485 490 495 

CGC TCG AGC CTG CCG GGC TTC TAC CGC ACC AGC CTG ACC CTG GCC GCG 1632 

Arg Scr Scr Leu Pro Gly Phc Tyr Arg Tbr Scr Leu Thr Leu Ala Ala 

500 505 5 10 

CCG GAG GCG GCG GGC GAG GTC GAA CGG CTG ATC GGC CAT CCG CTG CCG 1680 

Pro Glu Ala Ala Gly Glu Val Glu Arg Leu lie Gly Hi* Pro Leu Pro 

515 520 525 

CTG CGC CTG GAC GCC ATC ACC OOC CCC OAG GAG GAA GGC GGG CGC CTG 1728 

Leu Arg Leu Asp Ala lie Thr Gly Pro Glu Glu Glu Gly Gly Arg Leu 

530 535 540 545 

GAG ACC ATT CTC GGC TGG CCG CTG GCC GAG CGC ACC GTG GTG ATT CCC 1776 

Glu Tbr Me Leu Gly Trp Pro Leu AlaGtu Arg Thr Val Val lie Pro 

550 ;co 

TCG GCG ATC CCC ACC GAC CCG CGC AAC GTC GGC GGC GAC CTC GAC CCG 1824 

Scr Ala Me Pro Tbr Aip Pro Arg Aso Val Gly Gly Asp Leu Asp Pro 

565 570 575 

TCC AGC ATC CCC GAC A A G GAA CAG GCO ATC AGC GCC CTG CCG GAC TAC 1872 

Scr Scr lie Pro Asp Lyi Glu Gin Alt lie Scr All Leu Pro Asp Tyr 

580 585 590 

OCC AOC CAG CCC GOC AAA CCG CCG CGC GAG GAC CTG A A G T A AC TGCCGC 1921 

All Scr Glo Pro Oly Lys Pro Pro Arg Glu Asp Leo Lys 

5°5 600 605 

G A CC GGC CGG CTCCCTTCGC AGGAOCCGGC CTTCT CGGGG CC T G GCC ATA CAT C AGGT TT 1981 

TCCTGATGCC AGCCCAATCG AATATGAATT C 20 12 



( 2 ) INFORMATION FOR SEQ ID NO: 16: 

( i ) SEQUENCE CHARACTERISTCS: 

( A ) LENGTH: 637 amino acids 
( B ) TYPE: unbo add 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE* prolan 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Met Lyi Lys Thr Ala lie Ala lie Ala V.l Ala Leu Ala Gly Phc Ala 
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-31-30 -25 -20 

Thr Vj I Ala Gin Ala Aap Tyr Lys Asp Aip Asp Asp Lys Leu Ala Scr 

-15 - 1 0 - 5 1 

Glo Val Gl d Leu Gin Gin Scr Gly Ala Gtu Leo Val Arg Pro Gly Tbr 

5 10 15 

Scr Val Lys Leu Scr Cys Lys Ala Scr Aip Tyr Thr Phc Thr Scr Tyr 

20 2 5 3 0 

Trp Met Asn Trp Val Lyi Gin Arg Pro Gly Gin Gly Leu Gl u Trp lie 

3 5 4 0 4 5 

Gljr Mci lie Asp Pro Scr Asp Scr Glu Thr Gin Tyr Asn Gin Met Pbc 

5 0 5 5 6 0 6 5 

Ly i Asp Lys Ala Ala Leo Thr Val Asp Lys Scr Scr Asn Thr Ala Tyr 

7 0 7 5 go 

Mci Gin Leu Scr Scr Leu Thr Scr Glu Aip Scr Ala Val Tyr Tyr Cyi 

8 5 9 0 9 5 

All Lys Gly Gly Ala Scr Oly Asp Trp Tyr Phc Asp Val Trp Oly Gin 

10 0 [05 110 

Gly Tbr Tbr Vil Thr Val Scr Scr Gly Gly Gly Gly Scr Gly GJy Gly 

115 12 0 12 5 

Gly Scr Gly Gly Gly Gly Scr Asp Mc Gin Leu Thr Gin Scr Pro Scr 

130 135 140. M5 

Scr Leu Scr Ala Scr Leu Gly Gly Glu Vtl Thr Mc Thr Cys Lys Ala 

1 5 0 1 5 5 1 6 0 

Scr Gin Asp Mc Lys Lyi Tyr Mc Ala Trp Tyr Gin His Lys Pro Gly 

16 5 17 0 17 5 

Lys Scr Pro Arg Leu Leu Mc His Tyr Thr Scr Val Leu Gin Pro Gly 

18 0 18 5 19 0 

Me Pro Scr Arg Phc Scr Gly Scr Gly Scr Gly Arg Asp Tyr Scr Pbc 

195 200 205 

Scr Mc His Asn Leu Glu Pro Glu Asp lie Ala Thr Tyr Tyr Cys Leu 

210 215 220 225 

Hi* Tyr Asp Tyr Leu Tyr Thr Phc Gly Gly Gly Thr Ly* Leu Glu Mc 

230 235 240 

Lys Ala Leu Glu Gly Gly Scr Leu Ala Ala Leu Thr Ala His Gin Ala 

245 250 255 

Cys His Leu Pro Leu Glo Thr Phc Thr Arg His Arg Gin Pro Arg Gly 

260 265 270 

Trp Glu Gin Leu Glu Glo Cys Gly Tyr Pro Val Gin Arg Leu Val Ala 

275 280 285 

Leo Tyr Leu Ala Ala Arg Leu Scr Trp Aid Gin Val Asp Gl d Val lie 

290 295 300 .3 05 

Arg Aid Ala Leu Ala Scr Pro Gly Scr Gly Gly Asp Leu Gly Glu Ala 

3 10 3 15 3 2 0 

lie Arg Glu Gin Pro Glu Gin Ala Arg Leu Ala Leu Thr Leu Ala Ala 

325 330 335 

Alt Glu Scr Glu Arg Pbc Val Arg Gin Gly Thr Oly Asn Asp Glu Ala 

340 345 350 

Gly Ala Ala Asa Ala Asp Val Val Ser Leu Thr Cys Pro Val Ala Ala 

3 5 5 3 6 0 3 6 5 

Oly Olu Cys Ala Oly Pro Ala Asp Scr Gly Asp Ala Leu Leu Olu Arg 

370 375 380 3B5 

Aio Tyr Pro Thr Gly Ala Glu Phc Leu Gly Asp Gly Gly Asp Val Scr 

390 395 4 00 
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P h c Set Thr 
4 0 5 


Ar g 


G 1 y 


Th r 


G 1 o As b 
4 1 0 


Tr p 


Th r 


V t 1 


G 1 u Arg 
4 1 5 


Leu 


Leu 


G 1 n 


Ala His 

4 2 0 


Arg 


G 1 n 


Leu 


Gl u G 1 u 
4 2 5 


Ar g 


G I y 


Ty r 


V 1 1 Phc 

4 3 0 


V a 1 


G 1 y 


T y r 


H 1 s 


Gly Thr 
4 3 5 


P b c 


Leu 


O 1 u 


A 1 a 


A I a 
4 4 0 


G 1 o 


S c r 


I 1 c 


V a 1 


P b c 
4 4 5 


G 1 y 


Gl y 


V a 1 


Arg 


Ala A r g 
4 5 0 


S c r 


G I n 


Asp 


Leu 
4 5 5 


Asp 


A 1 i 


I 1 c 


Tr p 


Ar g 
4 6 0 


G 1 y 


Phc 


Ty r 


I 1 c 


A 1 a 

4 6 5 


Gly A i p Pro 
4 7 0 


A 1 a 


Leu 


A 1 a 


T, r O 1 y 
4 7 5 


Ty r 


A 1 a 


G 1 n 


Asp G 1 o 
4 8 0 


G 1 a 


P r o 


Asp 


Ala Arc 

4 8 


Gl y 

; 5 


Ar g 


I 1 c 


Ar g 


Aid G 1 y 
49 0 


A 1 a 


Leu 


Leu 


Arg V a 1 
4 9 3 


Ty r 


V a 1 


P r o 


A r g $ c r 
5 0 0 


S c r 


Leu 


Pro 


O I y Pbc 
5 0 3 


Ty r 


Ar g 


Thr 


S c r Leu 
5 1 0 


Th r 


Leu 


A 1 a 


A 1 a 


Pro 0 1 u 
5 1 5 


A 1 a 


A 1 I 


Gl y 


G 1 u 


V a 1 

5 2 0 


G 1 u 


Ar g 


Leu 


I 1 c 


5 2 5 


H i s 


P r o 


Leu 


P r o 


Leu A r g 
5 3 0 


Lc u 


Asp 


A 1 a 


I 1 c 
5 3 5 


Thr 


G 1 y 


P r o 


G 1 u 


G 1 u 
5 4 0 


G 1 u 


G 1 y 


G t y 


Arg 


Leu 
5 4 5 


G 1 u Thr 

5 5 0 


I 1 c 


Leu 


G I y 


Tr p 


P r o 
55 5 


Leu 


A 1 a 


G 1 tt 


Arg 


Tb r 
5 6 0 


V a 1 


Vi 1 


I 1 c 


Pro 


S e r Ala Me 
5 6 S 


P r o 


Th r 


Asp 


Pro A r g 
5 7 0 


Aid 


V a 1 


Gly 


Gly Asp 
5 7 5 


Leu 


Asp 


P r o 


S c r S c r 
5 8 0 


I 1 c 


Pro 


Asp 


L y s Gl u 
5 8 5 


G t n 


A 1 a 


I 1 c 


Scr Ala 
5 9 0 


Leu 


Pro 


As p 


Ty r 


Ala S c r 
5 95 


G 1 n 


P r o 


gi r 


Lyj 


P r o 
600 


P r o 


Ar g 


G 1 u 


Asp 


Leu 
6 0 5 


Ly s 









We claim: 35 4. a recombinant antibody directed to die extracellular 

l. A recombinant antibody directed to the extracellular domain of the growth factor receptor c-erbB-2 comprising of 

do ra am^UiegrowthfactcTreaptorc-erbB-2coraprisingof heavy chain variable domain and a light chain variable 

heavy chain variable domain and a light chain variable domain of a monoclonal antibody, wherein the light chain 

domain of a monoclonal antibody, wherein the heavy chain variable domain comprises a polypeptide of the formula 
variable domain comprises a polypeptide of the formula 40 



FP^CDR 1I .-FR 7 -CDB IJ ,-FR,-CDR, t ^Ii s> m) 



FR 1 -CDR 1/r FR 2 -CDR 2H -FR 3 -CDR3 W -ra < (1) 

. . ™ . , ... wherein FR^ is a polypeptide comprising naturally occurring 

wherein PR, is a polypeptide comprising 25-33 naturally amino acids. FR 7 is a polypeptide comprising 13-17 natu 

occurring amino acids. FR 2 is a polypeptide comprising 45 rally occurring amino acids, FRg is a polypeptide compris- 

12-16 r^tiu^ly occurring amino acids, FR 3 is a polypeptide ing 30-34 naturally occurring araino acids, FR, is a 

comprising 30-34 naturally occurring amino acids, FR, is a polypeptide comprising naturally occurring amino%cids, 

Slf rno C ° mpnSi r 8 *i? fT 3 "* amino CDR lL is a polypeptide of the amino acid sequence 159 to 

^«nml"c l !t * C T add sequence 169 of SE °- ID N0:5 . CDR 2,. is apolypeptide of the amino 

jz-jo or seq id NO:5, CDRj,, is a polypeptide of the so acid sequence 185 to 191 of SEQ ID NO-5 andCDR, is 

amino acid sequence 51^7 of SEQ ID NO:5, CDR 3H is a a polypeptide of the amino acid sequence 224 to 232 of SEQ 

polypepude of the ammo acid sequence 100 to 109 of SEQ ID NO:5. and wherein the amino acid Cys may be in the 

NO:5 > mi wherein the amino acid Cys may be in the oxidized state forming S— S-bridges 
oxidized state forming S-S -bridges. 5. A recombinant antibody according to claim 4 wherein 

2. A. recombinant antibody according to claim 1 wherein 55 the light chain variable domain comprises a polypeptide of 

*e heavy cham variable domain comprises a polypeptide of the amino add sequence 136 to 241 of SEQ ID NO-5 

the amino aad sequence 2 to 1 20 of SEQ ID NO:5, wherein wherein optionally one or more single amino acids within 

optionally one or more single ammo acids within the amino the amino acid sequences 136 to 158 (FRA 170 to 184 

SiS^m^^^^ 9 ^^ 192 10 223 233 * *« 55 are 

and/or 110 to 120 (FR4) are replaced by other amino acids 60 replaced by other amino acids or deleted, and wherein the 

3 A recombinant antibody according to claim 1 wherein 6. A recombinant antibody according to claim 4 wherein 

the heavy chain vanable domain comprises a polypepude of the light chain variable domain comprises a polypeptide of 

the amino aad sequence 2 to 120 of SEQ ID NO:5, wherein 65 the amino acid sequence 136 to 241 of SEQ ED NO ? 

die amino acid Cys may be in the oxidized state forming wherein the amino acid Cys may be in the oxidized state* 

s>— S-bndges. forming S— S-bridges. 



( 
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7. A recombinant antibody directed to the extracellular 
domain of the growth factor receptor c-erbB-2 comprising of 
heavy chain variable domain and a light chain variable 
domain of a monoclonal antibody, wherein the heavy chain 
variable domain comprises a polypeptide of the formula 5 

FR r CDR l// -FR2-CDR 2/r FR 3 -CDR 3 ^FR 4 (I) 

wherein FRj is a polypeptide comprising 25-33 naturally 
occurring amino acids, FR 2 is a polypeptide comprising 1Q 
12-16 naturally occurring amino acids, FR 3 is a polypeptide 
comprising 30-34 naturally occurring amino acids, FR 4 is a 
polypeptide comprising 6-13 naturally occurring amino 
acids, CDRj„ is a polypeptide of the amino acid sequence 
32 to 36 of SEQ ID Nail, CDR^ is a polypeptide of 
amino acid sequence 5 1 to 67 of SEQ ID NO: 1 1 , and CDR 3// 
is a polypeptide of the amino acid sequence 100 to 110 of 
SEQ ID NO:ll, and wherein the amino acid Cys may be in 
the oxidized state forming S — S-bridges. 
* 8 A recombinant antibody according to claim 7 wherein 2Q 
the heavy chain variable domain comprises a polypeptide of 
the amino acid sequence 2 to 1 2 1 of SEQ ID NO: 1 1 , wherein 
optionally one or more single amino acids within the amino 
acid sequences 2 to 31 (FR,), 37 to 50 (Fiy, 68 to 99 (FR 3 ), 
and/or 111 to 121 (FR,,) are replaced by other amino acids ^ 
or deleted, and wherein the amino acid Cys may be in the 
oxidized state forming S — S-bridges. 

9. A recombinant antibody according to claim 7 wherein 
the heavy chain variable domain comprises a polypeptide of 
the amino acid sequence 2 to 121 of SEQ ID NO: 1 1 , wherein ^ 
the amino acid Gys may be in the oxidized state forming 
S— S-bridges. 

10. A recombinant antibody directed to the extracellular 
domain of the growth factor receptor c-erbB-2 comprising of 
heavy chain variable domain and a light chain variable 35 
domain of a monoclonal antibody, wherein the light .chain 
variable domain comprises a polypeptide of the formula 

FRtf-CD^-FIVCDR^-FR^CD^^FR, (II) 

wherein FR 6 is a polypeptide comprising naturally occurring 40 
amino acids, FR 7 is a polypeptide comprising 13M7 natu- 
rally occurring amino acids, FR 8 is a polypeptide compris- 
ing 30-34 naturally occurring amino acids, FR*, is a 
polypeptide comprising naturally occurring amino acids, 
CDR lL is a polypeptide of the amino acid sequence 160 to 45 
1 70 of SEQ ED NO: 1 1 , CDR^ is a polypeptide of the amino 
acid sequence 1 86 to 192 of SEQ ID NO: 1 1, and CDR 3i is 
a polypeptide of the amino sequence 225 to 232 of SEQ ID 
NO:ll, and wherein the amino acid Cys may be in the 
oxidized state forming S — S-bridges. 50 

11. A recombinant antibody according to claim 10 
wherein the light chain variable domain comprises a 
polypeptide of the amino acid sequence 137 to 241 of SEQ 
ID NO:ll, wherein optionally one or more single amino 
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acids within the amino acid sequences 137 to 159 (FR^), 171 
to 185 (FR 7 ), 193 to 224 (FRg), and/or 233 to 241 (FR 9 ) are 
replaced by other amino acids or deleted, and wherein the 
amino acid Cys may be in the oxidized state forming 
S — S-bridges. 

12. A recombinant antibody according to claim 10 
wherein the light chain variable domain comprises a 
polypeptide of the amino acid sequence 137 to 241 of SEQ 
ID NO: 11, wherein the amino acid Cys may be in the 
oxidized state forming S — S-bridges. 

13. A single-chain recombinant antibody directed to the 
extracellular domain of the growth factor receptor c-erbB-2 
comprising of heavy chain variable domain and a light chain 
variable domain of a monoclonal antibody, wherein the 
heavy chain variable domain and the light chain variable 
domain are linked by a polypeptide spacer group, and further 
wherein the heavy chain variable domain and the light chain 
variable domain are derived from die mouse monoclonal 
antibody FRP5. 

14. A single-chain recombinant antibody according to 
claim 13 comprising the heavy chain variable domain of the 
mouse monoclonal antibody FRP5, the 15 amino acid 
polypeptide consisting of three repetitive summits of Gly- 
Gly-Gly-Gly-Ser, the light chain variable domain of the 
mouse monoclonal antibody FRP5, and an enzyme or a 
toxin, or a biologically active variant thereof. 

15. A single-chain recombinant antibody designated 
Fv(FRP5)-phoA according to claim 14 comprising a 
polypeptide of the amino acid sequence 2 to 690 of SEQ ID 
NO:7. 

16. A single-chain recombinant antibody designated 
Fv(FRP5)-ETA according to claim 14 comprising a polypep- 
tide of the amino acid sequence 2 to 606 of SEQ ID NO: 14. 

17. A single-chain recombinant antibody directed to the 
extracellular domain of the growth factor receptor c-erbB-2 
comprising of heavy chain variable domain and a light chain 
variable domain of a monoclonal antibody, wherein the 
heavy chain variable domain and the light chain variable 
domain are linked by a polypeptide spacer group, and further 
wherein the heavy chain variable domain and the light chain 
variable domain are derived from the mouse monoclonal 
antibody FWP£L 

18. A single-chain recombinant antibody according to 
claim 17 comprising the heavy chain variable domain of die 
mouse monoclonal antibody FWP51, the 15 amino acid 
polypeptide consisting of three repetitive subunits of Gly- 
Gly-Gly-Gly-Ser, the light chain variable domain of the 
mouse monoclonal antibody FWP51, and an enzyme or a 
toxin, or a biologically active variant thereof. 

19. A single-chain recombinant antibody designated 
Fv(FWP51)-ETA according to claim 18 comprising a 
polypeptide of the amino acid sequence 2 to 606 of SEQ ID 
NO: 16. 

***** 
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BR96 sFv~PE40, a Potent Single-Chain Immunotoxin That Selectively Kills 
Carcinoma Cells 
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ABSTRACT 

We h»vc cnnslructed a slnglc-chnin ImnwmUoxln composed of the enr- 
clnoma.fcyviivc nollhiwly BR% nnd t truncated form of Pscudvtuonas 
exotoxin. The chimeric molecule, WW sFv-PMO. wux expressed In 
chcridtia coli and localized to the inclusion bodies. We purified and Wen- 
lined two species of BR96 xI'v-TOO, monomers and ngcrcKutcs. 'live 
mooomode form wns able lo bind well to the antigen, P I.ewb'. 
related antigen, while the nsgiv.tfnle was n<>L The binding uffinity of the 
mononicric recombinant Immunotoxin was S-fold less than tntael HR9C 
l t G % nnd it* specificity for the J»W6 antigen wftS confirm*! by compcliUoji 
analysts. Monnmcrk BR94 .sFv-PE40 was round to be extremely cytotoxic 
against cancer cells displaying the BR$rf antigen. The cytotoxicity of the 
fusion protein correlates directly with antigen deuslty on the tumor cell 
tines tested. The breutf carcinoma cell Hoc MCF-7, which has the highest 
density of Dft% antigen, wus thcmosl sensitive to KR96 $Fv-PE40, with ft 
conccntntilon producing 507c protein synthesis Inhibition of 5 pm. BRW 
sFv.pF.4fl wus fonnd lo have a In serum of 2&5 min In nlhyrolc mkc, 
compared lo that of the chemical conjugate, chl)&RW>-Ly$PK40, which was 
S4 mlu. Three d»ta indicate Lhut the singlc-chiiln Immunotoxin BRV6 
sVv -PK40 la a potent Inhibitor of.nn»U'ln synthesis In forget cell lines and 
mwy be an effective Hgvtil for the treatment of cancer. 

INTRODUCTION 

Immunotoxins ore cytotoxic agents designed to kill specific popu- 
lations of cells thui dispby markers such as cell surface antigens or 
receptors (1,2). These targeted molecules are composed of antibodies 
ihni have been chemically or biologically linked to a cytotoxic agent. 
One such agent* PE, J is produced by Pseudomonas aurutfnow and 
kills cells by ADP-ribosylaiing elongation factor 2, thereby inhibiting 
protein synthesis (3). Crystal lographic analysi:, of PE revealed that the 
protein is composed of three domains (4). Domain I is responsible for 
cell binding, domain H for processing and translocation of the toxin, 
and domain Hi for inhibition of protein synthesis (5). The construction 
of immunoioxins often uses a binding-defective fonn of PE, known as 
PC40 (6). Therefore, when PE40 is attached to on antibody or anti- 
body fragment, one can produce a fusion protein which both binds and 
is cytotoxic toward tumor cell lines* oca ring a specific antigen. 

Most studies using immunoloxina to target tumor cell populations 
huve been performed with molecules in the form of chemical conju- 
gates (7-10). The antibody and toxin moieties of such reagents are 
typically joined by ihiociher or disulfide bonds. More recently, genetic 
engineering has been uscd io prepare single-chain immunotoxins that 
urc constructed by fusing the two functional components* such as a 
singlc-chiiin antibody and u binding-defective toxin, at the DN A level 
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and lIicq producing the cytotoxic molecule as a chimeric protein 
(11-15). Single-chain iminunotoxins offer the advantage of homoge- 
neity because a)l the molecules produced are single chain proteins 
composed of the sumo amino acid residues. In a chemicul conjugation 
reaction, it is difficult to generate a homogeneous population of mol- 
ecules. In addition, since single-chain iminunotoxins arc approxi- 
mately 3-lbld smaller than chemical conjugates produced wilh intact 
IgG, ;!;cy n-!::y be able to penetrate solid tumors more readily (16-19). 
Rnaliy; single-chain imrnnnotoxin.s have been demonstrated in some 
cases to be more jjotmt reagents than equivalent chemical conjugates 
(II, 13, 14). 

We have recently described die in vittv activities of an immuno- 
toxin conjugate, chiBR96-Ly*PE4Q (20), composed of a chimeric 
(mouse-human) form OMIR96, made through homologous recorobi- . 
nation (20, and Ly*PE40. a iriodificd form of PE40 in which a lysine 
residue was engineered onto the amino terminus of the protein for 
conjugation purposes (22), DR96 IgG selectively binds to a tumor- 
associatcd antigen expressed on a high proportion of human lung, 
breast, mid colon carcinoma cell lines (23). Administration of BR90 
results in only modest antitumor activity against human tumor xe- 
nografts in mice (24). Because of the ability of the antibody to hind to 
carcinoma cells and rapidly internalize into the endocytic vesicles. 
liR96 is an excellent targeting reagent. In addition^ when BR96 is 
chemically linked to drugs, the resulting molecule is a powerful, an- 
titumor agent in vivo.* 

In this report, we describe the construction and characterization of 
BR% sf'v-PG40, a single-chain immunotoxin in which PE40 is fused 
to the cloned variable heavy and light chain nniinody fragments (Pv) 
of the carcinomu-reAC'jvc antibody BR96. We show that BR96 
sPv-PE40 specifically binds to its antigen and is cytotoxic against 
carcinoma cell lines that express this antigen on their surface. The, 
Afunctional retention of both the specificity of the cell-binding por- 
tion of the molecule and the cytotoxic potential of the exotoxin makes 
for a very potent, targeted reagent. 

MATERIALS AND METHODS 

RcngcnlN and Cell Mncs. The immunmoxin ennju(»iitc chinR96-Lys?E40 
was prepared exactly u> described previously (20). Q-Scpharese wxs purchased 
from Pharmacia (Uppwla. Sweden). TSK-3000 columns were purchased from 
TnicoHuas. Inc. (Philadelphia. PA). Immuitoblots were pcrfonned using mouse 
unti-idiotypic BR96 untibody (757 -4-1), which was kindly proviilcd by B. 
Mixnu, Uribiwi ; Myers Squibb (Scntrlc, WA). ABC immunobloi kits were pur- 
chascU from Vccior l-thoraiuric^ (Burlin&ftmo. CA), Chloramine T «w pur- 
chased torn Sigma Chemicul Company (St. Lorn, MO). MCF-7 human hrewt 
cureinoma." cells were puwhnscd from American Type Culture Collection 
(RuoU-'.iie, MO), RCA colon carciiwmn was obtained from M. Brattain (Day- 
lor University). 1,2*JK7 tvmp ndcnocni*cinon>a wo* obtained from I. Hclhtrom, 
Brisiol-Myem Squibb. A27S0 ovariun enreinomu was obtained from K. Scan- 
ion, National Institutes of Health (Bcihcsdn. MD), und KB cpidciwoid c;.rci 
noma was obnincd from I. Pust.in, Nutional Institutes of Health. 
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(NmsliDoLlon of the Plasmtd Encoding UK% sl'V-VlvJO. The BR96 sKv 
sequence Ix encoded in the phsmid pDiWiFV.* A 550-Uwm pair sequence 
oacfKJing UR9f> sl~v was PCR amplifed with primer I (5' CiCTACiACATATG 
GAGGTCCAGCTGOT GCAOTCTO') nnd primer 2 (5' OCTCTG- 
GAGACTGGC:Cl CGrrTCT(jCAGCTAC:C-3'). The 5'PCft primer (primer 
I) wax designed to encode a unique Mel restriction Site adjacent io tin ATG 
ir.iiKlMionol initiation er*lon and the first seven coduns of the variable heavy 
chain gene. The 3'-PCK primer (primer 2) wax designed to mmctd just down 
stream of Uic internal Kfj"\ nitc Iwetttcd within the vuriublc light chain £r.nc. 
After PCR amplification und digestion with /Vt/fl and the 550-bxsc puir 
AWd Jfy/il frttBOicm was li^ncctJ into a 4220-buse pair fW-A'/wl vector fine 
mem prepared from phsmid pMS 8 (24). which encode; the fif.nc fur PK40 
under die transcriptional control of the T7 promoter (2.1). The product of this 
li^iiion wui an intermediate vector designated pBW 7.01. Subsequently, ihfc 
227- base ptilr Kpnl fragment from pl)R% Pv wa$ subcloncd into the unique 
Kpnl Site of pDW 7.01. The resuliing plaxinid, pBW 7.0. encoding the BR06 
xPv.PE40 gene fusion, was confirmed by DNA sequence analysis. 

Expression owl PuHflculion of BR96 sFv-PR40. The expression phsmid 
pDW 7.0, encoding BR96 xPv-PIMO, was transformed into Escherichia coti 
BUI (\DF3) cells ond cultured in Super Broth (Diecnc. Inc.. Silver -Spring. 
MD) containing 75 ug/ml of ampicillin ui 37°C. When ahsorbunce ot 650 nm 
reached 1.0, Isopropyt 1-thio 0-o-galuetopyrjnosidc was added to a final con- 
ccmrntion of i him, nnd cells were harvested 90 min lutcr. The bacteria were 
washed in sucrose buffer (20% siiCrosc-30 m* Trix-I )C1 (pH 7.4)- 1 itim EOTA) 
und osmoticully shocked in ice-cold 1I 3 0. Subsequently, inclusion bodies were 
isolated uway from the sphemptost membrane proteins by extensive treatment 
with The noniortic detergent Tcrgitol (Sigma) to tchwvc excess bacterial pro- 
wins, followed by dcnaiurntion in 7 m guanidinc-HCI (pH 7.4), refolding in 
~ PBS supplemented with 0.4 m L-orgininc, and extensive dialysis nr*.ilnst 0.02 u 
TrisMCt (pH 7.4). The protein was purified by onion-exchange (Q-Scph:irosc) 
and gel filtmiion (TSK-3000) chromatography with a Ph:irmucia fast protein 
liquid chromatography system, a* described previously (26). Protein qii.imi lo- 
tion was determined using Bradford analysis (27). 

Direct Lewis* Anligcn-blikling KUSA. \jcmx Y antigen obtained front 
ChctuBiomcd (Alberia, Canada), was diluted to 0.2 [igmit in coating buffer 
<i00 tt\m sodium bicarbonate, pit 9.4) prior to coating Dynatcch lmmulon II 
plates und incubating for 16 h ot 4°C. Excess iniigcn wax removed, and die 
plates were blocked with PTB buffer fur I h at mum temperature followed by 
3 washes with PTB. The antibody samples wen: serially diluted in PTB to a 
final oonccmrmion ranging from 1.25 to 80 jig/rnl and incubated overnight ar 
4'C on die plate in a volume of 50 pl/wcll. The plates were washed 3 time* 
with PTB.cuch well incubated with 100 pi of hioiitiylatcd.URW aml-ldioiypic 
fltuibody (2.50 pg/ml) in PTB for 1 h a( mom tempei-nturt. and then wished 4 
oddittonal times with P1*B. Alkaline pliosphataie-conjtigated jitrcptavidin 
(Kirkegaard ajid Perry Laboratoriw. Gaidicrsbur(j, MD) was added io each 
well (100 p) of 0.5 pg/ml in PUS coniainlng 1% BSA) und incubated for ] h 
at 3? n C. Hiucs were washed 3 times with PTB, 3 times with phosphatase Duffer 
(75 mMTiSx-O.I m NaCUS mM MgClj. |>H 9.4), and reacted with p- nit rophcnyl 
prnK>pli3tc (1 mM in phosphatase buffer) for 30-60 min ai Xl*C. The reaction 
was Stopped by the addition of 2 n NuOH. The plaics were read at 40.S nm on 
a Molecular Devices, Inc (Mcnlo Purk. CA), nticrnphue reader. 

BhidlnKCompctUion Anuly.^l5. Microliter plutes were coated with Lewis" 
antigen us described above. Anlibudy samples were diluted in PUS containing 
1% DSA to final concentrations ranging from 1.36 to 175 pg/n>l. IW 1-BK96 
IgG was added to each sample (5 uCi/ml) along with antibody con\nciiigr in a 
final volume of 100 pi. The entire mixture of radiolabeled DK96 l&G und 
uiiiibody competitor was added to the Lcwis^'Cuated plato and incubated for 
2 h ar 37*C. Tlie plates were washed 5 times with P0S containing 0.05% 
TVen*20, and the wells were counted on a gamma counter. 

FACS Analysis. Assays were performed by fluorescence ox previously 
described (23). Briefly, tacget cells were harvested in log.villnnic phase widi 
FiOTA (0.02%) in calcium- and magrwsUim-frcc PBS. TIh; cells were washed 
twice in PBS containing 1% BSA and resuspended to I x 10' cells/ml in PUS 
eumaining 1% BSA and 0.02% NuN». Cells (0.1 ml) were mixed with BR% 
or u human IgG control (0.1 ml at 50 pg/ml) and iucuhaicd for 45 min m 4^. 
The cells worc washed 2 times und resuspcuded in 0.1 ml of un approprinie 
concciurution of fluorescein isothioCyrmatc-bMcd rabbit unii-human IgO 



4 S. McAndKu, U Gilliluni K. M. Crvin, H. P. Fell. C B. Sir.pH. K. &• M\*i*n\ t 
I, HclUrOm, W. 0>wnd and J nnjomtlt. munuwripi In prcpiniinn. 



(Cappel, Malvern. PA). Cells were Incubated for 30 min ut 4"C, wxslicd 2 limes 
in PUS containing 0.02% NuN>, und analyzed on u Coulter EPICS 75.< nuo- 
rcscejwc-activuu-d cell suiter. Data Are expressed as the fluorescence intensity 
of cells reacted with BR96 minus cells reacted with control umihndy. On » 
logarithmic scale, 25 units of Hudrcsccncc intensity rcpiv>cms u doubling of 
uiuigen density. 

Inliiblllon of Protdn Synrhwls Assay. All cell lines wee eultuwd as 
monolayer* at 37*C in RI'MI 1640 supplemented with 10% fetal huvicte scrum, 
7 i\\u f.-glvilnminc. and .SO uui|fi/ml pcnicillin/slreptomyem T,mu>r cells were 
plated onto %-wcll fiaubutiom tissue culture plates (1 x W cells/well) and 
kept nt 37"C for 16 h. Dilutions of immtinuloxin were ni:i<le in growth nKdia. 
und 0.1 ml was added to each well for 20 h ot 37°C. E:ich dilution w;l^ done 
in triplicate. The colls were pulsed with ^H]leucine (I jifi/well) ft>r an addi- 
tional 4 h at 37 W C. Tlie cells were lysed by frcc/c- thawing and Jwrvcsicd using 
u Tomtftc cell harvester (Orange, CD. Incorporation of |Ml]lcucine was de- 
termined by ft LKB Beta-Plate Uquld scimillntion counter. 

Pur the competition experiment, tumor cells were prepared as described 
above, BR06 (gO or, us a control, U» IgO was diluted to 100 pg/ml in gr<»wth 
media before addition to the cell monolayer (0.1 mi/wclt). Af-er the material 
w;ts incttbmed ;U 37 W C for I h, dilutions of GR96 sFv.pC4Q were, added, and 
incubated an additiunal hour, cell siipcrnma;!:: *.vc- reirovcd* »vd eellx were 
washed wirh complete RPM1 growth media. Growth media (0.2 mi) was uddcd 
to each well, mid the ccllft were incubated at 37°C for 20 b .ind labeled *ith 
PH [leucine as described above. 

ul M^bcllng Of UK96 Xmmunotoxtrw. I3K06 sFv-PL^O and chiBR96- 
LysPlvlO wca: labeled with Na'"l using chloramine T (28). Gach reaction, 
contained 100 ug of immurvotoxin in PBS, I yCi of Na u M. and 10 ng/tnl of 
diloramine T in a total reaction volume of 100 ul. After a .Vmin incubalion at 
room tcmpcramre, die reaction wax terminated by Ackfitlon of 20 ng/tnl of 
Na-mctabifinlfite. TV free Nn ,u I was separated from the radiolabeled immu* 
notoxln by gel tillrution through PD-10 columns (Pharmacia), 'llie sixcillc 
activity of both immmiotoxinS wax approximately 10 wCi/ug. 

Inimunoioxln BIwkI Levcb. Pcmatc mhymic mice (nutmt) were pur- 
chased from Ifnrfan Sprague-Duwley (Indiunapnlis, IN) when they were 
4 6 weeks of age. llt t-BR96sPv.PE40or ,: *H-chiBRy6-LysPP./l0 (lOpCil was 
injected l.v. via the tall vein. The animals (2-4/daUi point) were sacrificed ut 
various linw poin«. and (he blood was collected and counted in a g.immu 
counter. Tlw % ID for the blood was determined a* (cpm dctcctcd/cpm in- 
jected) x 100 Wc calculated % ID/ml nssutning a 1.6-ml total blood volume. 

Rl^tllTS 

Cloning and Exi>i. vivr! of sPy-PE40 Chimeric Trolcin. 
The gene ftision encoding DK96 sFv-PE40 is composed of the 6R% 
variabld region directly fused to the gone encoding PC40. Wc first 
isolated the sw]uenccs encoding the V L and V H domains of BR96 tgG 
from n plasmid containing the BR96 Fv sequences (pBR96Fv). The 
light und heavy chains were connected via a flexible polypeptide 
linker The PCR-amplified fragments were subclone! into the vector 
pMS R. which contains ihc gene encoding PB40. The resulting 
plitsmid. pDW 7.0, nnd the construction scheme arc depicted in Pig. I. 

Upon induction with isopropyl l-thio-(J o -galaeiopyranosidc. E. 
cod BL21 (ADt:3) cells transformed with pBW 7.0 expressed fusion 
protein that was mainly localized to the inclusion bodies (data not 
shown). The protein was prepared, as described in "Matcriuls ond 
Methods," and subjected to ion-exchange chromatography on a Q- 
Scpltarosc column. Fractions containing BR96 sPv-PI-4() were pooled 
find subsequently separated by gel filtration chromatography on a 
TSK-3000 column. The chromatographic profile of the size exclusion 
column shows the presence of two mnjor species (Fig. 24). The first 
ftpeeics elutcs between the M, 660,000 and 158.000 gel filtration 
ntnmlai-ds and represents an aggregated form of the recombinant pro- 
icin (fractton.v 9-14). Tlie second species (fractions 15-21) represents 
the M r 67.(X)0 mooomenc form of BR% sPv-PC^O which, as ex- 
pected, elutcd between the M, 158,000 and 44,000 <tandards. Tlic.sc 
results were confirmed by reducing (Pig. 2D) ami n;>nrcducing SDS- 
PAGE analysis (Fig. 2C). Whereas Fig. W shows the purification 
profile as annlyzcd by SOS PA OF. and Cooma.ssie staining. Fig. 2C 
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shows an immunuMot analysis using omi-tdloiypic BR96 antibody. 
Therefore, wc have demonstrated thai purification yields two forms of 
recombinant proicin. monomers and aggregates. After pooling the 
monomer and aggregate peaks, wc determined ihc homogeneity of the 
pools u> lie >95% by nunrcdueing SDS-PAGE (daw noi shown). The 
yield of correal/ folded BR% sFv-PR40 protein using these condi- 
lion* is approximately 0.4% or the ceil putt and 3% of the total 
inclusion body protein. ~ 
Itinding Activity of RK96 sFv-l*E40 toward Lewis* Anllgcn. 
i:., r>r.A(\ ninn>tvfi^or ontv orovides one anligen bind- 
ing site per molecule. In order 10 test ihc binding avidity or this 
molecule, wc performed a direct binding assay in which purified 
ttftogen was coated onto EL1SA plates. In comparison with 
BR96 IgG, monomelic BK96 sFv-P£40 binds approximately 5-fold 
less well (Fig. M). In contrast ihc aggregated form of BR96 *Fv- 
PB40 was unable to bind to ihc Lewis* antigen. L6 IgG, an antibody 
thai -docs- not bind ihe Bft« antigen, was used os a negative 

control. *fn>njt 
Additionally, wo compared the competitive binding ability of BR l >6 
*Fv-PE4Q with BR06 IgG. This assay, in which Lcwis'-coaicd plates 
were aha used, measured the amount of radioiodinaicd BR96 IgG that 
remained bound to the plate when competed with various amounts of 
BU96- 'sPv-PE40 or BR96 IgO. We found that DR96 sFv-P£40 
competed 5-fold less well than BR96 IgG (Pig. 35) which correlates 
with the direct binding data in Fig. 3A. The addition of L6 IgG, 
which did not compete for binding, demonsmties ihc specificity or this 
assay. 

Cytotoxicity of BR96 $*VPE4Q ftgcrfnst Cancer ails. To deter- 
mine the cytotoxic potential of monomelic BR96 sFv-PF40. we com- 
pared the effect of the immunoioxin to the chemical conjugate, chi- 



BR96-LysPF.4t) (20) on MCF-7 hrcast carcinoma cells (Fig. 4). 
The results indicau: that the single-chain imnmnotoxin is 4- fold more 
potent ihan the conjugate, which was prepared in a 1:1 ratio of toxin 
to antibody, with 10 w values of 5 and 20 p*> respectively. Next, m 
ortcr lo con-elate cytotoxicity with the prw.ncc of the BR96 antigen, 
we determined ihc relative acumen density on five rumor cell lines 
by FACS analysis (fig. S). using a fluorescein isothiocyunaie- 
labcled robbu anti-hurnan IgG- FACS analysis of a nonspecific human 
IgG antibody was performed for euch cell line to determine non- 
specifie nuorcsccncc. and a fluorescence intensity was calculated 

When we tested the cyiuioxic potential of BR96 S rv-PE40 on these 
cell lines, wc found ihat inhibition of proicin synthesis correlated with 
BR96 antigen density (Tabic l). For example, MCF-7 cells were 
found to display the highest density of Bl<*5 antigen and were the 
most sensitive to BR«X> sFv-PE-40 (ID M of 5 [>M) of the cell lines 
■tested, tn conrnwt. KB cells which display negligible amounts of the 
BR96 anitgcft were much less .sensitive to BR% sFv-PE40 (ID™ of 
7,462 pm). Wc ui$e compared the cytotoxic activity of monomeric and 
aggregated BR96 *Fv-PE40 and found thai the monomer was approx- 
imately 40- to 5(Kfold more effective at inhibiting protein synthesis 
than the aggregate imputation with 10m values on L2987 cells of 75 
and 2920 pM, respectively (data not shown). 

To confirm the specificity of the immunotoxin for its antigen- 
binding site, competitive cytotoxicity experiments were carried out 
(rig. 6). We determined that die cytotoxic effect of BR96 sFv-P£4Q 
was due to specif* aniigen binding, since die effect is reduced by 
excess BR96 IgG but not by L6 IgO. which does not recognize the 
.BR'Xi antigen. 
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DISCUSSION 

Wc have conducted un expression plusmid for the production or a 
single-chain immunotoxin composed of the carcinoma-reactive anti- 
body BR96 and a truncated form of Pscxulomonns exotoxin. The 
chimeric molecule. I3K96 t>Fv.PEi40. was purified 1mm £. coll and 
wu$ found to exist in both a rnonomcrie and aggregated form. The 
aggregate peak contained both disulfide! bonded and noncovulcm 
forms, as determined by nonrcducing SDS-PAGE (Pig. 2C), The 
monomeric form was found lo bind 5-fold less well than BR96 IgG. 
while the aggregated form did noi bind to the BR96 antigen. The 
Bpceifieity of monnnwric BR96 «Pv-PE40 for its antigen was con- 
firmed Through a competition analysis with BR96 IgO. 

Since BJW> IgG binds to its antigen in a bivalent fashion, wc were 
uncertain as to whether the monovalent sFv molecule would be able 
to bind well. Other investigators (11. 14, 30; 3D hove reported a 
reduction in binding efficiency of recombinant antibody proteins of 3- 
to I0-rold relative to their IgG counterparts. One might have expected 
W^ 3 ^^^^'--''^ tnc Hg^rcgatcs. since they arc multivalent, to bind 'better -than monuv- 
^'^^^Vi^^^ ialcnl BR9G sPv.PG40. However, the BR96 sPv-Pb40 aggregates. 
'•^-• ; -."v ' " \mainly. result from single molecules that were misfoldcd during pro- 
duction, forming inappropriate disulfide bonds. Since there arc 8 
cysteine residues in DR96 sFv-PE40, the aggregated materia) was not 
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Fig. 2. PurifWaita Of 0RP6 »Pv-PE40. A, &e1 niiruipft column chrOrtWWjrnphy of 
reiMiwrcd DRQ6 uPv-PE^O dOer Inillul puriOcniton over Q-ScphjiKvtc. S, 12% reducing 
SDS -polymery tumult gel iMnti\ wilh Coomowle brilliortt blue. C, Immunobtot (»f u 
4-U% tkyireUucifie SDS-pylyacrytumidt'dCt probed with BR96 oiili-idioiyplc nmiMy-' 
The limes correspond to tactions 7-21 on Ihc a«l filiation pcHnic in A lw mulwulftf 
weight mpAer pr^clm i» tfiOMnndx. Mnleeul&r wclflbt ntwidftrdj eomiKpOndinf \o 
670,000, 1 58.000. 44.000, and 17,000 cluicd itt fnKiton* 10. 15, 21, nnd 30, respectively. 
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Ctunparativc niood Level Lifetime Analysis or BR%-lmmunc~ 
toxins. DR96 sPv- PC40 Is approximately one-third the si/.e of the 
immimowxin conjugate, chiBR96-LysP£40. Since protein stoz can 
effect biological kinetics, wc measured the difference in blood half- 
life between DR96 bPv-PE40 and chiBR96-l.ysPE4(). Both imniuno- 
toxins were radioiodimited and administered to athymlc mice via iheir 
mil vein. Blood samples were collected at various times and counted 
(1 able 2). We found that BR96 sFv.PE40 clear* from the blood faster 
than chiBR96-Ly$PE40. We performed pharmacokinetic analyst on 
the daia using the PKCALC statistical. analysis program (29). The 
analysis showed that a cwo-compartmcni model was appropriate for 
the dma. ForchiBR96-LysPE40» the t Yi a and J3 wem 54 min and 16.6 
h. respectively. For BR96 sPv-PE40, the f* a and 3 were 28.5 min ;Vnd 
8.2 h. respectively. 

In the above experiment, the measurement of '"Hobclcd BR06 
immunoioxin in the blood determined how much of the molecule was 
present. In order to measure the amount of detectable single-chain 
immimotoxin that was biologically active, wc assayed the blood for 
BR96 sFv-PDIO-dirccicd cytotoxic activity at the various times indi- 
cated. We round that all of the detect3b1e immunotoxtn retained its 
biological activity (data not shown). 
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Fig. 1 Binding unolyxis of DKV(S s\ Vf'E/10. A. dlirot-bind'tnp unjlysh on BUS A pi;u«» 
coated with U*i^ antigen wmI ^obcO win. BR'.>6 ^nu-idioiypc oiii.ihmi,. a c»y*u*m 
of DRW IcC (ID DK96 ifv-PV-in imtiwmcrs (♦). UA96 trv-PWO agjnc^'" <*>• 3,K) 
L6 ffC (0) Is iiiwn. if. comfy:lit«v»fl of '^MpWoI 1«0 with DRW *Fv-PIJ40 it). 

mm \r<\ (Qj, dhu w tec (O). 
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unexpected. Mixed disulfides hinder binding aciivity. mamty because 
the antigen-combining sites arc not correctly displayed. Perhnps a 
truly bivalent recombinant molecule would bind as wc.l n% an JgO 
Therefore, we have Initiated experiments to produce bivalent BRW 
sFv-PE40 for the purpose of increasing the antigen-binding activity or 
the recombinant iromunotoxin molecule. 
~ The BR96 antibody has been shown to identify a mmor-assouatcd 
antigen expressed on carcinomas of the lung, colon, breast, and ovary 
(23) In a FACS analysis of five different cell linos, wc have deter- 
mined the distribution of BR96 aniigcn and have been able to correlate 
the cytotoxic potential of BR*> *rv-[>E40 with the relate number 
of amigen on the surface of the target cells. Wc have found that 
DR06 sFv-PE40 Is extremely potent against cancer cells delaying 
the BR96 antigen, with MCF-7 cells being the most sensitive line 

examined, ... 

BR9C is one of only a few antibodies that not only binds solid tumor 
antigens but also internalizes rapidly. Other examples include mHi- 
iransferrin receptor antibody (32) and the carbohydrate anugwi-spo- 
cific antibody. B3 (33). When Pfc40 immunotoxins arc prepared, there 
is a requirement for internalization via a ligand or antibody because 
PE40 lacks that capability since domain I has been deleted. Replace, 
mem of domain I with a selective mode of delivery, by muma I- 
,/auon of the immunoloxin following antigen-spcoHc binding, redi- 
tu the u»in to the antigen. Boih BR% and B3 internalize m 
monovalent as well as bivalent form, as evidenced by their functional 
activity as PO40 conjugates and fusion proteins (U, 20, 34). 

BR96 sFv-P£40 is more potent than the TgCi ehcrme&l conjugate 
against ilic tumor cell lines tested in this study. Thus, die recombinant 
immunoloxin may prove to be a motv powerful inhibitor of tumors 
than the chemical conjugate. To begin to address the potcnt.»l am.tu 
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mor activity of BR96 sFv-H-40. the chimeric toxin was ^..bitcro- 
i v ,o mice and round rr> have a t„ a of 28.5 min. as compared w«h 
th u, of (be chemical conjugate chiBR96-l**PB40. which was 54 min. 
This is h noteworthy different between these two molecule because 
« may be an advantage for the singlc-cl^it. immunoKwin that « « 
cleared more rapidly from the blood. The immunotoxin molecules arc 
stable and retain biological activity following «dmio.»trauon mm 

"Tmtsmdy shows the in vtoo efficacy of the single-chain immune- 
toxin TiK% 3 rv-l>C40. Srinkm.imi « al. (U) reported on B3 ar-v- 
PE38KDEL, a s.milar im.nunou.xin targeted w carcinoma* thai has 
antitumor activity against human tumor xenografts in «Jy™« m |«- 
Since BR96 has a different antigen specificity. BR96 iPv-WKO « ■ 
novel fusion protein. Our fuiure plans include studies with BR96 
,Fv-PE40 in athymic mice carrying tumor xcoocnfu m order to 
further characterize this molecule as a potential a 6 cnl for the treatment 
of cancer. 
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This rnighi explain the problems 50 Tar encountered in the studies 
of binding labelled peptides to MHC on iniaci cells 3 ". At the 
concentration of peptide 17-29 (lOOngml" 1 ) that we have 
routinely used, the ratio of binding to DR! versus the other 
binding is favourable. The dati summarized in Fig, 3a also 
indicate that the binding of peptide 17-29 to EHM cehs 
approaches saturation at a level of class ll-dcpcndent binding 
of about 7X10 4 molecules per cell; at this level -1% of the 
peptide offered is bound. This binding involves at most 15% of 
all DR molecules that are found on the membrane or an EBV. 
transformed B-ccM line 17 ! which is in agreement with the fact 
that the majority of class M MHC binding sites are occupied 
by endogenous peptides". 

Figure 36 shows the kinetics of binding of peptide 17-29 to 
EHM cells; maximum binding is achieved in 45min ( which is 
much shorter than the 6 hours or longer needed for maximum 
binding of peptides to purified clas$ II MHC molecules". In 
fact, in the some system of peptide 17-29 and DRl» the binding 
to isolated DR1 molecules is not even complete in 6 hours (T. 
Jardcisky, personal communication). It would therefore seem 
that the rapid binding to DR1 of influenza matrix peptide 17-29 
seen with living cells is related to their biological activity and 
is not simply the consequence or the intrinsic high affinity of 
the system. Roosneclc cTaL 9 have seen that living D cells become 
fully competent to present a tetanus toxoid peptide to T cells 
after 40 minutes of exposure to it. Support for the concept thai 
some activity of the living ceils is necessary for the rapid loading 
of class !1 MHC with a peptide comes from experiments with 
glutaraldchydc-fixed EHM cells {Fig. 4), showing that these 
cells have lost the capacity for rapid binding of matrix peptide 
17-29. 

Fixation docs not eliminate the class II MHC-dcpcndcnt 
binding to the same cells when these arc exposed to the peptide 
for 18 hours. This is in agreement with the previous report of 
Shimonfcevitz et at? showing that gluuraldchyde-fixcd cells can 
stimulate T cells in a specific way when incubated in the presence 
of a peptide for 24 hours. It seems that the peptidc-binding 
properties of class II MHC molecules in fixed cells are similar 
to ihose of the same molecules after purification. Figure 4 also 
shows that peptide binding by intact cells does not occur in the 
cold. 

In conclusion, it seems that living B cells have a system for 
relatively rapid loading of class 1! MHC molecules with pep- 
tides. This system is probably net only operative at the level cf 
The cell membrane^ but also in intracellular vesicles where pep- 
tides derived from processing of internalized protein antigens 
are present. In this ease, the MHC loading time must be shorter 
than the intracellular transit time of either the newly synthesized 
or the recycling class II MHC molecules. The molecular 



associations and structural events that make the rapid MH: 
peptide associations in living B cells possible remain 10 
Investigated. 



t -r. 



BociWd $ Cwt*** lWfl. wccplo* 10 Aiy« 1900 
1 8/o*m»n.P 9t tt H*M m Slf-SlD (1D8N 

i. Oowm, e p. aii™ p. m v m«i 0. h«*t. c 1 i^v*. t r <w c m, xo. xi iV^ 
X Owa. S. Sclte. A.. Cow. S M, *vu. 0. M. 4- Orr « * Ce« «T. 1071 ion (leeCX 

* OinM, ; a. UK M. 2- IV*W V L Svmn ) A 4 G<tlct. m. v. wc 33 «, xq. JC3 (198*1 
5. Wtfli, I H,4 McCon^l. H. M /m(a A$#L $a US. A. M, POCo- dwyj] • . 

* t«xtv 1 r.. ^nc^ p m & ot*w. t * a« mm ac*# So us a «. an (j^iV 

1. SNm<x*ov»u, R. riHv^r, MyiKx. 9 6 C/ey. M i e*fl Mao Ufl&ij ' 

* S^JJ*^^. C*^. S , K-votft.. i W.. U»r,KK P. i Ocy, K M J *tvtha TOQI^ 

». ftOOlftCOt E, OwftOU, $„ Cor**. 0, * ;*n<**x*h)fl, A. ; *rvn</» 1*0. 40?9 400> (ivA 
11. **r**d. ; a *r * 51S-S23 U96SI • 

1?. Pirn*. 0 Irtimync* To^if *, 4Z-<7 UOOi). 

U K*<X«C C,U IKK^*. C i *n"1uo 143. 1 j-itf (1WO1 "i 

1 4. IkmOtrrt, t S^r/#ce ffcowtixi (N./WI1, Ooi«yv 1DSGI . [ 

15. fOirn,R, SfXAgtfr, fc\ u„ Hoffman. M. DsSotvffy.M, i & Themu.O w j l^ji 

16. L*CV. L K. MagMw E. & f^cc, 5, K. free n*fa AcM 5tf OS A W. 1CW-3CC3 (ui 

18. flowl S.. SC(I«. A Co*C*\S.« 4 0«>.ff. M. 2A2, 14*1- 1&4? (J^m) M 

10 Men**], ft B cnem Sac *5. 

M. 73;CT5.M. OVrti /Vffl 0^ 23. 571 3N (1,0? 51 

i» Cvwkwooc. r Ctv^ify. w. m dCifw.J S. Owcrtffrt, ; «. n< -i?3 ::9C3i 

23. l»vcco. M. M c*wi*. 6 Stoon.j w. 4 Ctppcfl**. R. fcn^i^y A« 47. ?0i*?<2 (15791,* 

^CKN0WlCCO.M>1S We lw J*0c(* r lw eommurt^iirtt IV tv^U oT .yx^ tN^j ^ 
W *T^ hcn*^w rv r«M<>| iiv minuKftfU. S. fcrrc** (o* «Ootfv C5/13. a On*** t- 
fWWlOAttl PTC ».lf *ac P T r J?.l. H f e^lrnj^.n (o. tm.^ nuKAtfn Urt ^ 



A recombinant immunotoxin 
consisting of two antibody 
variable domains fused to 
Pseudomonas exotoxin 



Vyay K, Chaudhary*, Cary Quoonf, Richard P. 
Junghans^, Thomas A. Waldmann| t David J. 
FrtzGerald* & Ira Pastan* 



* Laboratory of Molecular 6'rolocy. DCBO. arKJ t Metabolism Qrooen, 0C6O 
N'a»^naJ Cancer InstU-jtc. National !r>st!!utcs of Heatt^ BotN^oa. 
Maryland 20S92. USA ^ 
+ Protein Des^ LOOS. 3lSl Porter Drive, P3I0 Al:o.Cali(om^ 94304, ,; -1- 
USA ' - \3 



J. 



JL 



FXx 4 Eftccl of ClutaraldehycJe fc<ation on birxfinc of InfJucn/o matrix peptirJc 
17-2^1x^^1 Cdls we faed with glutaroldchyde (Serva, Hekfcfborfl) 
tuxty as boVated by SNmoffcevU* cf oi\ They wero tten Incubated for 
Wcoteo 4 periods of time ot 37 X v^lh 10 ng peptide (In 0.1 ml medium 
wtth 10* cells). (21 EH* cdls. incubation 30 mla BL EHM cells Incuhhtlon 
18 fx neefced ow ( MOLT 4 cells, Incubotlon 18 tv In addition, the ngurc Jives 
the data (or unfixed EHM cdls Incubated for 30 mln nt 37 *C looen bar) or 
at 4 *c <fBe<Jt>or). Every co<urrv> gives the mean of triplicate cultures ± 1 s.d. 



ANTt&OOfKS Ji>d grovrth factors have been chemically coopJe< 
to different toxins to produce cytotoxic molecules that sdectrrcl; 
kill cells bearing appropriate intigcns or receptors 1 ' 3 . AnrfbodV 
toxin conjugates (Immunotoxins) produced using coorentioitt. 
chemieal coupling techniques have several undesirable eb*r*ct eris- 
tics. The smallest binding unit of *n ftn^ibodv Is an Fv fmpaco 
which consists of a fight »nd heavy chain T«ri«blc domitD. Re6e*tiy 
active single chain Fv fragments of antibodies hive been pro* bcd< ; 
In Esherichio coll by attaching the light and be»vy chiii r»rt«bl 
domains together with l peptide linker 3,4 . Here we descWbc^th 
construction md expression in E. coli of a single chain tntifcod 
toxin fusion protein, mtt-Tac(Fv>-PE40, In which the mriiDl 

. regions of »nli-T*c, a monoclonal inttWdv to the p55 »buJ*ft ; 
the human toterIeokln-2 receptor 4 , ire joined in peptide Iiai^L 

;1 to PE40, A modified form of Pseudomonas exotoxfo Uddag 
binding domain. Antl*-T*c<Fv>-PE40 w«j very cytotoxic to 
Jnterleulcin-2 receptor-bearing humia cell lines but ir«s^V< 
cytotoxic to rcccptor-oct*tlve CcIU. 

Immunotoxins made by chcmicaljy attaching a toxin'to^a 
intact antibody contain the constant region of the aaiibody 
which is not necessary for immunotoxin action, but^wlijct 
reduces its access to target cells outside the circulaiJoiv 
increases its immunogenicity. Funhcrmore, the productfii 
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Kci cro fi cncous an< * ^ c yields are often poor. Recombinant DNA 
' techniques have been used to produce chimeric growth factor- 
Moxin fusion proteins in £. co/i 6 * 10 . These molecules can be 
\ readily purified in large amounts and contain only the sequences 
K fC quircd for spcci6c cell recognition and the cytotoxic activity 
^ of the toxin. Because the antigen-binding site of an antibody is 
composed of two separate polypeptide chains, it has been 
difficult to produce antibody-toxin chimaeric proteins in £. coU. 
To create a single-chain recombinant immunotoxin. wc 
assembled a plasmid, pVC70lOR, which contains a 348-base pair 
(bpl DNA segment encoding an anti-Tac heavy clttin variable 
domain ( VH) joined 10 a 3 18-bp DNA segment encoding a light 
cruin variable domain (VL) by a 45-bp linker; VL was in turn 
joined to a DNA segment encoding amino acids 253-613 of 
Pscudomottas exotoxin ( PE) (Fig. 1 ). (The cloning and sequence 
of the anti-Tac variable regions will be described elsewhere.) 
The assembled gene Is under the control of a T7 promoter 11 . 
The authenticity of the coding region of the plasmid wos 
confirmed by DNA sequencing (data not shown). Upon indue- 
lion with isopropy!-0-D-ihiogalacu>side (IPTO), 0L2t (A DE3) 
carrying plasmid pVC?0l08 produced large amounts of a protein 
of relative molecular mass (M r )~ 65,000 (65 K), a*S shown by 
SDS-PAGE (lane 1, Fig. lb). On immunoblois, the 65 K 
chimaeric protein reacted with an antibody to PE (data not 
shown). The fusion protein was mostly contained in the lOO.OOGg 
pellet (l3nc 3, Fig. 26) of the sonicated sphcroplasts (lane 2, 
Fig. 2b). This pellet was used as the source to prepiirc ami- 
Tae(Fv)-PE4G\ Gilanidinc hydrochloride dcnaiuration followed 
by rapid dilution was used to solubilizc and rcnaturc the 
chimaeric protein". The rcnaturcd protein was applied to a Mono 
Q column and the m nomcric form of the fusion protein elutcd 
ii 0.2-0.22 M NaCl (Fig. 26, lane 4 and Fig. 2a). High-molecular 
veighi aggregates were elutcd at higher ionic strength (fractions 
42-50; Fig. 2a). Further purification of the chimaeric protein 
was carried out on a TSK-250 gel filtration column; the chimaeric 
protein eluted as a symmetrical peak at the location expected 



for a 65 K protein (data not shown). SDS-PAGE showed the 
protein to be >95% pure (lane 5, Fig. 26) and N-icrminal amino 
acid analysis showed the protein had the expected sequence, 
Mcl-Oln-Val-. Highly purified monomelic anti-Tac(Fv)-PE40 
(-200 p.g) was obtained from 1 litre of ceils grown to an optical 
density at 650 nm of 0.6 before induction. 

The ami-Tac antibody binds to the p55 subunit (Ta'c antigen, 
low affinity receptor) of the lnlerleukin.2 (IL-2) receptor, which 
is present in large amounts on HUT* 102 cells 5 . Therefore, the 
chimaeric protein was initially tested for cytotoxicity on HUT- 
102 cells. Anli-Tuc(Pv)-PE40 inhibited protein synthesis in a 
dosc-dependent manner with a 50% inhibitory dose (lD i0 ) of 
0.1 5 ng ml" 1 (2.3 x 10~ 12 M) in a 20 h assay (Fig. 3; Table 1 ). At 
concentrations >4ngmr\ there was complete inhibition of 
protein synthesis. Several specificity controls were carried out. 
Addition of excess anti-Tac (lOjigml"* 1 ) prevented the 
cytotoxicity of anti-Tac(Fv)-PE40 on HUT- 102 cells, whereas 
a control monoclonal antibody, OVB3, directed against an anti- 
gen found on ovarian cancer cells' 3 did not (Fig. 3). The human 
T-ccll leukaemia line Cr 11.2 (ref. 13), which has a lower numbe 
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^ 1 a. Expression ptasmid for antf-Tao(Fv)-P€40. Expression plasmid 
PVC70JO8 contacts ■ tv&oo gene encoding various domains of antl-T&c 
(rtK vori^oJc domain of the heavy chain (VH frst 116 amino oeids of mature 
ch*n), ■ l5-$fnfcy>-acid linker (ftay-Oy-Oy-Oy -Ser),K ftnd the variable 
*x^*ln of the l^hi cfvwi <VL, first 106 an*x> *dds of mature light Chain)) 
*»d amino acid* 2S3-S13 of PC (ref s 6-9, 17) as a single polypeptide chain. 
^ Bene Li under control of * T7 promote* linked to a Shlrvo-Dolj&amo 
*<*ence *XJ Wtistton codon (PT7) *S OCSorfccd prevtously 0 '"- 1 '- £ cotf 
«iaiA BJ2X UD£3) carrying pVC701O8 w» used to expeess the Chimaeric 
upon tfTG IncKcbbfl Amp', lactamase gene; B. tomHt A. Aval t, 
Scr<; -nouc arran$c*n©nt of various domains of onU-YacCFvH^. The hybrid 
fro'om Is shown as « singe polypeptide chwv The O terminus of VH Is 
***0 to the r^termturs of VL' through a 15 wninc-ftcid linker as shown In 
*• Curtails of tf* construction wUi bo oesenbod oUewhcfC or can be obtolnod 
,; om rjy; authors. •' v 
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FIG. 2 PurlfcaUon 000 cftaractcrirartion of anu-Ttio(Fv)-P€40. a Mono Q 
column chromatography of rcnatured soluble anU.Toc(rVM»e40. Rcnouxe<j 
material was applied on a Mono Q column; proteins' were duted with a HoO 
gradient (0-0.5M) and 4 ml fractions were collected The position of acuve 
monomeric antl-Tec(Fv)-Pe40 Is shown by 0 vertical arrow. 6, SOS ^ AGE ot 
samples ot various stages of purification. The gel ww stained wrth 
Coomessle Wuc . Lbao 1. total cell peUctlary; X sphcroplasts; looe 3. IOOjOO g 
pellet of sonicated spheroplasis; lane 4. pool of fractions (32-33) from the 
mono Q column; lone 5. poof of peck tracOorts from the TSK-250 coJumrx 
tofte 6, nouvc PE. 66 K. Mc4ecular weitht man\ors.(K) arc Indicated. 
METHODS. £ Coil st/«ftn BL21 (A 0£3) carrying plaamld pVC 70108 was Cro^m, 
Induoed with IPTG end the Cell pciet was processed as Oescrteed pre* 
vU>usly^^ ; WtWoUvclto( < was omitted from donaturaUon buffer end rorvrtur- 
atWn was carried out for 16 h. After rtAaturation and dialysis, the samptc 
was applied on a Mono Q column <HR 10/10} at 3 ml mlrT 1 . The column 
woe Vvashcd with 40 ml Buffer A (Trte-+<a ' 20 rrM pH7.6) ono" devfttoped 
with a 200 mt linear gradient (O-O.S M NaO). Outed proteins wof e mc^luxed 
at 280 rA. Fractions (4 ml) Wf€ oofiocted and tested for cytotoxicity on 
HUT-102 colls. Fur SOS-PAGC/ lamcte wore boOod with Loemmll aamp<c 
buffer 1 * and olr^ctrophoresod on a 10% fict. " - J ■' - • ■ 

33S 



I HKHKIVKI) H2/lb KkSI 1993 AT &515246. 
F E B - 1 6. - ■=« 3 T U E 1 e : 3 



PAGE 16 (PRINTED PflGE 16) ] 
D R . M - R O S E M B L_ U M 



1 £. 



r 




0.01 0.1 1 10 

Toktrt concentration (ng ml*') 



100 



FKX 3 Cytotoxicity Of &nii.T&c(fv)-P£40 and dni|.Tac-PE40on ML/T.10? cells 

expressing K-2 receptors. Cytotoxicity was dcter/ntfWoby measuring protein 
synthesis in HJM02 cells after treatment, with' (•) anl!Joc(Fv)^40: (O) 
anti-ToefFvl-Pe^O + 10 ( ig nntl.Tac (A) enil.Tao(fv)-PC40 + 10 u.g OV03; 
O anti.Tac-P£«0. 

METHODS. HUT-102 cells were washed twice wlih serum.frcc medium and 
Dialed in RPMi 1640 medium with 5% fctai bovine scrum at 3 xio* ceils 
per well In 24 -well plates. Various dilutions of recombinant anti-Tac^" vJ-PCaO 
and chemically conjugated anll.Tee-P£40 were prepared In PBS with 0.2% 
human serum otoumin and added to appropriate wells. After 20 h the cells 
were labelled with pHjIeuCine for 90min and the radioactivity In the TCA 
prccipitaic o* the cell pellet determined. The results are expressed 05 % 
of control with r>o toxin adOOd. For competition. 10 n£ of inti-Tac or OVB3 
were added lo each well just before adding antl-Tac(Fv)-PE40. 




1.0 1.5 2.0 2.5 3.0 IS 4.0 
Loo. concentration of compel il or . 

F)G 4 Competition binding analysis of aniMac versus anti-Tac<Fv)-Pe4Q. 
Compctiuon of ontl*Tuc<Fv)-PE40 {open squares) and native mouse an;) -Toe 
. (sortd circkrs) with ("*U labeled tracer onU-Tac to bind to Tac antigen on 
. HjT-102 cells is shown, Solid life* arc computer generated idealized curves 
That mooct Binding competition. Ro Is the bound/free ratio (or tracer In the 
absence of competitor, and Ro/2 Is the 50% Inhibition point for tracer 
binding, from wNeft a binding affinity of S.SxlO'M"* for onU-TariFv^Pt^O 
Is cakxAatedL compared with 9.7 xlO'M" 1 for native antl-Toc. 
METH00S. (labelled antj-Tac (2 u,Ci fig" 1 ) as tracer was used at 1.5 ng 
per assay with varying concentrations of competitor and A xio* HLFT-102 
ecus as source of Toe antigen In 0.2 ml of binding buffer (ftpwi 1640 with 
10% fete* bovine serum. 100 kC ml~ x human igG, 0.1% sodium aildc), end 
Incubated at room temperature with mixing for 2 h. Under these conditions, 
the ooncentraubn of tracer Is SO pM and tac peptide 600 pM. Free tracer 
Is 10 pM by calculation and satisfies the condition that free tracer be less 
than l/K,-100pM (using lO^M -1 for anti-Tac K $ ) for the assumptions 
of the competition analysis** Assays were performed in parallel with a 
conUo/ooW anti-Toe antibody, and curve shifts el the 50% Inhtoitlon point 
of bovnd^frcc tracer binding (fto/2) versus log competitor concentration 
were CAJdntitated. The concentrations were obtained from Uxj entflogs of 
the abscissa, and the affinity constant H k for the construct. X, derived from 
the fwmUa , *axJ t/ ,-(enu-Tac] 1/ ,)'-l/K - -iy/< 1 where ( ^ Indicates the 
cooce*itmion of competitor at wtrfen tracer binding Is Ro/2. Standard 
Scatdwd plotting of binding data with onu-Tac gave linear graphics and a 
K. of 9.7 xio* M"\ comparable to that obtained by other invsstlifttoV's". 
The K t of 3.5xlO f M -4 for *nU-T8c(rv)-PE40 was calculaled from the 
above formula. All concentrations were measured by Bradford protein mlcro- 
awy *c*Jrwt a standard curve with human IgG (rof. 20). For competition 
analysis, these ayvsent/ations were norrnalired on tho basis of the blndaWc* 
fraction obtained In separate tests with radiolabeled anlUToc(FvKPE4ol 
(0.44) and radtolabclled anti-Tac (0.6) with excess K/T-102 cells 18 to ykid 
corxjenb-atSons of Wndable protein for the abscissa. - ■ • - ■ .... ^ - 
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TABLE 1 



Cell line 
HUT-102 
Cr 11.2 
C£M 

OVCAR-3 

KO 

A4J1 



Cytotoxicity Of antl-Toc(Fv)-P£40 on vonous cell lines"') 
— " — ■ r /i* 



i ? receptors per cell 
Low affinity hRgh ofltniiy 




94,000 
12,000 
<20 



3.600 
350 
<20 



ng mi; 

> 1,000*11 

> 1.000.1 

> 1.000 

>i.ooo4 



Cell lines 0VCAR3. KS and A431 were seeded al 1 x 10 5 ml* 1 | n 24^ 
plates one day before the addition of toxin. HUT-102. Cr n.2 and CEM wi T<) ' 
washed twice and seeeed at 3 x io 6 mi -x in 24-wcii piotcs (see also v flg 
3). RPM1 1$40 with 10% fetal bovine scrum was used for Cr 11.2. Venoms 
dilullons of toxm preparations were added, and 20 h loter ine cells woAs 
laoouod for 90min with |Vi)eucino. The radiooclMty In tnc trlchiorooceW 
acid precipitate of the cells was determined. ID W is the concentratlonibf 
toxin that Inhibits protein synthesis by 50% as compared wllh a confp 
with no toxin added. All the assays were done In duplicate end repeated 
three times. fOBta tot the numocr of low and hlgh-aff inity 1-2 recepvoripo 
the various cell li^s Is from the unpublished doto of T. Waldmann god rer 
16.) »V* 

of tioih tow- and high*aflinity 1L-2 receptors than HUT ; l02 r 
was also sensitive to ami-Tac(Fv)-PE40 ( with an ID^v-Qf 
2.7ngmr' (Table I). Furthermore, several human Cell liheV 
without IU2 receptors, includinfi the T-cell leukaemia, line' 
CEM, as well as carcinoma cell lines A43I, KB and OVCAR?*' 
(rcr 14), were not affected by anii-Tac(Fv)~PE40, cven^St 
I u.gml" 1 (Table 1). 

Previously we reported that anti-Tac chemically conjugated 
to P£. or PE40- killed HUT-102 cells' 05 , When thioct her con'ft 
gates are made. antt-TacPE hnd an ID 30 or 1.2 ng mr\'.aad 
antt-Tac-P£40 similarly prepared had an 1D M of I3ngml7» l ; 
As anti-Tac(Fv).PE40 (65 K) is about 30% smaller by weight 
than ami-Tac-PE {216 K), the chimacric toxin is on a molar 
basis several times more active than anti-Tac- PE and consider 
ably more active than ami-Tac-PE40. Ami-Tac-PE is 7a 
heterogeneous chemical conjugate in which the two molecules 
arc connected by a ihioethcr bond and different lysines in P£ 
and ami-Tac are used in the conjugation reaction. In anti-Tac^ 
PE40, the attachmeni appears to be mainly through the lysine 
residues in domain 111 of PE40 and this reduces the activity'.pf 
the PE conjur;atcs M , 11-2-PE40 Is another chimacric molecule, 
which was constructed by fusing a complementary DNA.foi 
human FL-2 to Pt40 sequences'. IU2-PE40 is slightly icss 
cytotoxic to HUT-102 cells than anti-Tac(Fv) .PE40, with aji 
lD >0 .of 1-S ngmr 1 . 

" Competition binding studies showed an affinity of 3.5x 
10* M"* for anti.Tac(Fv)-PE40, -3-fold lower than that v o( 
anti-Tac, measured at 9.7 x )0 9 M" J (Fig. 4), This can be com- 
pared with a fourfold loss of affinity of fl Fv construct versSs 
Fab fragment of anti-bovine growth hormone* and a sixfold 
loss for the Fv construct versus an Fab fragment of anti-digoxin*. 
The affinity of Fv binding for p55 seems to be preserved to'J 
greater extent than similar preparations of anti-bovine grry * 
hormone and anii-digoxin antibodies. ; ] 

In summary, we have created an active immunotoxin to 
cott by the fusion of cDNAs encoding the anti-Tac variabi 
regions with a fragment of DNA encoding a modified fortn'.o 
Picudomonas exotoxin. Using this approach it should now. 
possible to create active recombinant immunotoxins with oth 
_ antibodies. • 
^ c ( 
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Vesicular transport between the 
endoplasmic reticulum and the 
Golgi stack requires the 
NEM-sensitive fusion protein 

Con J. M, Beckers*, Marc R, Blocktf, 
Benjamin S, GGcKtt, James E. Rothman[| 
& Willam E. Balch* 

* Dc&crtmcot of Molecuter Biology, Scripps Clinic and Research 
fovnooiioa Le JcHlo, California 92037, USA 

* Dewnrncm of Biochemistry, Stanford University School of Medicine, 
Siar.fo?a California 94305. USA 

i > Moment of Biology, Lewis Thomas Laboratory. Princeton University. 
P:ifX*;c*v. New Jersey 08544. U$A 

As* A'-clhylmalcimide-Scnsftivc fusion protein (NSF) hus been 
purifie<J oa (be b*sis of Its ability to Catalyse vesicular transport 
*ilhio the Colgf stack. We report here that this same protein Is 
required for transport from the endoplasmic reticulum to the Golgi 
track Id semMofact cells. This transport process Is inhibited by • 
moooclonal antibody against NSF. Furthermore, pretreatment of 
seniMouct cells with /V^thylmal^lmtdc, i sulphydryl alkylating 
reagenj. inhibits transport. Addition of highly purified NSF largely 
restores transport from endoplasmic reticulum to Colfil. These 
result suggest that NSF ts a general component of the transport 
machinery required for membrane fusion at multiple stages of the 
secretory pathway. 

The SEC18 gene of yeast encodes an NSF activity thai will 
function in place of animal cell NSF with animal cell Golgi 
membranes 1 . As muUnts in the SECi8 gene arc defective in 
transport from the endoplasmic reticulum (ER) to the Golgi in 
yeast* we wondered whether NSF is also required for this 
transpon step in animal cells, in addition to its established role 
in promoting fusion within the confines of the Golgi stack. To 
address this issue we have examined whether NSF is needed 
fcr transport 0 f the vesicular stomatitis virus (VSV)-cncodcd 
glycoprotein (Q protein) between the ERand cis Golgi compart- 
ttcm in an fn vitro System* in which semi-intact cells prepared 
from vs V-inrected Chinese hamster ovary (CHO) cells arc incu- 
"led in the presence of cytosol and ATP. . ....... 

A complete incubation mix containing semi-intact cells, 
cytosol and ATP was treated with N-cthylmalcimidc (NEM) 
on ice for l5min (conditions which inactivate NSF 1 ) before 
jncubation. Subsequent transport (during an incubation at 30 °C 
! or 90 minj was inhibited by more than 90 per cent (Fifi. 1, lane 
u T o determine whether the NEM-sertsiilve factor required 
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FK3. 1 NSF is required (or transport from ER to Golgi. Assay conditions were 
os previously Ooscrtbed**. Lonos l-IH, semi-Intact colls, cytosol and ATP 
were kicubulod at 30 *C for the Indlcaiod Umo In the absence (lane ii) ot 
presence (iano ill) of 0.16 of NSF (purified from CHO cells os described 6 
in a final volume of 40 |xL Lanes lv and v, scmi-imact ceJis orxJ cytosol wcr o 
pretreated wliK.l mM NEM for IS min at 0 *C. Subsequently, glutathione 
vwbs ae^ec a final concentration of 2mM to quench unroactcd N£M. 
N£M-Ucotcd membrane^ end Cytosol were Incubotcd in tnc presence Ol 
ATP at 30 *C for 90 min in the absence (lane lv) or presence (lano v) o' 
0.16 jLg NSF, The fraction of total VSV-C transported was meosvred as the 
fraction of G protein In the Man 6 form as doscrloeO previously 1 *. 
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0.2 0.4 0.& O./t 1.0 

Ami-NSF monoclonal amihody tfig) 

FK3. 2 Anti-NSF onUbody Inhtolts the transport of VSV-C protein to the c/s 
Oolgl cofnpoftmcnL Assay conditions were os previously desxylocd". Trc 
indicated amount of anti-ftSF antibody was odded to e 40 uJ cornptcte 
cocktofJ containing semi-Intact ccti9, cytosol and ATJ for iS min on Ice. 
Subsequently, the cocktail was transferred to 30 *C and Incubated for 90 min 
In the absence (open circles) or presence of 0.16 purified NSF. Tnc 
antl-NSf antlbooy (4A6) Is an IgM whose propertkjs have been oesalbod 
prevlously D ( and was purified from ascites fluid as described 3 . 

for delivery of VSV-G protein from the £R to the cis Golgi 
compartment could be replaced by NSF, NEM-treated semi- 
intact cells and NEM-treated cytosol were incubated together 
at 30 fl C in the presence or absence of NSF purified from CHO 
cells as described 4 . Addition of NSF stimulated transport about 
10-fold over background (Fig. 1 , compare lanes iv and v) restor- 
ing activity to a level which was nearly 50 per cent of that of 
an untreated incubation that had been supplemented with NSF 
(Fig. 1, fane iil). in this instance, NSF only marginally (1 0%) 
stimulated an incubation that had Dot been .pretreated .with 
NEM (Fig. I, compare lanes tl and ui). But some preparations 
of semi-intact cells (apparently more deficient in. NSF) arc 
stimulated by up to 30 per cent (sec Fig. 2). These results strongly 
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884 protein evolution 



to CH^FTCOH.COOH (the i.-lactic acid isomer) but has been 
rationally engineered (Fig. P56) to specifically transform sub- 
strates with very large side chains such as — CH 2 .CH.(CH j) 2 as 
required for modern single-compound drug production (see 

BIOTRANSFORMATION and BIODKCR ADATION). 

Engineering new catalytic properties into enzymes is still rare as 
the protein designer must construct the new substrate-binding 
site without altering the precise arrangement in space of the 
catalytic residues. A less rational but simpler approach to engi- 
neering new enzymes is to raise an antibody to a transition state 
analogue of the substrate. Any device which stabilizes the tran- 
sition state of a chemical reaction will catalyse that reaction (see 
mechanisms of enzyme catalysis). Such antibodies therefore 
often have weak catalytic activity; they arc named abzymes 
(Antibody-enzymes). The weak activity can be improved by using 
protein engineering to insert extra catalytic amino acids into, the 
antibody molecule. 

A unique achievement is an abzyme catalysing the Diels-Alder 
chemical reaction. No natural enzyme is known to catalyse this 
carbon-carbon bond-forming reaction. 

Engineered antibodies 

Protein engineering has been exploited in the design of engi- 
neered antibodies [2] for medical use in humans. Highly specific 
monoclonal antibodies have many applications in medicine. 
But most have to be made via the mouse hybridoma route; and 
the human body tends to react against these mouse (or other 
animal) antibodies, neutralizing their activity and clearing them 
rapidly from the body. 'Humanized' antibodies, which escape 
neutralization by the human immune system, can be produced by 
protein engineering. DNA encoding the specific antigen-binding 
site on the mouse antibody can be inserted by genetic engineering 
into the 'framework' DNA derived from a suitable human anti- 
body gene. 

This engineered gene can then be inserted into an appropriate 
cultured cell to produce the mouse-human hybrid antibody. As 
most of the surface amino-acid residues of the engineered protein 
are derived from a human antibody the immune system does not 
neutralize it. The recently developed ability to make in bacteria 
large quantities of antibodies from a synthetic gene that codes for 
a 20-residue peptide which links the heavy and light chain 
complementarity determining regions (CDRs) now avoids the 
expense and limitation of antibody production in cultured animal 
cells. For example, engineered hybrid antitumour antibodies that 
regress tumours by selectively binding to malignant but not 
normal cells have been produced in this way. 

J.J. holbrook 

1 Richardson, J.S. & Richardson. D.C. (1990) The de novo synthesis of proteins. 
In Proteins: Form and Function (Bradshaw. R.A. & Purton, M., Eds) 173-182 
(Elsevier Trends Journals. Cambridge). This book also contains a general 
introduction to site-directed mutagenesis, protein engineering, bacterial 
proteinase optimization and the problems of protein folding and protein 
design. 

2 Winter. G. & Milstein. C (1991) Man-made antibodies. Nature 349 293 

3 Wilks. H.M. et al. (1990) Designs for a broad substrate specificity keto acid 
dehydrogenase. Biochemistry, 29. 8587-8591. 



protein evolution See: molecular evolution: sequences and 

STRUCTURES. 

protein export See: bacterial protein export; protein secre- 
tion. 

protein fingerprint A pattern of spots, characteristic of the pro- 
tein concerned, which is produced by visualization of fragments 
separated by two-dimensional electrophoresis of a digest of the 
purified protein by. a specific cleavage reagent such as the 
proteinase trypsin. 



Protein folding 



The biological activity of a protein depends on its folding into a 
highly organized three-dimensional structure under physiological 
conditions. The central questions of protein folding are: 

1 Why does it occur? What are the forces that make a well- 
defined conformation thermodynamically favourable? 

2 How does it occur? What mechanisms permit rapid and effi- 
cient self-organization? 

3 How is the 3-D structure encoded by the amino-acid sequence? 
These issues are, of course, intimately related and the goal of 
applying the principles of folding to, for example, predict struc- 
tures from sequence or to design sequences compatible with 
particular structures (and functions?) (see protein engineering) 
is likely to require a broad understanding of each. At present 
there is still some way to go towards this objective but folding is 
the subject of intensive study. 

Although the folding of all proteins must, of course, obey the 
same physicochemical laws, the balance of forces involved is 
likely to be very different in determining the structures of, for 
example, water-soluble proteins compared with those that 
traverse membranes. To date the vast majority of studies have 
focused on globular proteins in aqueous solution and these are 
considered in this discussion. 

The native state 

The conformation of a protein under conditions where it is 
biologically active is called its native structure (see protein 
structure). Such structures can be determined in detail by 
x-ray crystallography and nmr spectroscopy. Globular pro- 
teins are organized into compact structural domains, larger 
proteins comprising several such domains with varying degrees of 
interaction between them. Although these domains may depend 
on their mutual interaction for stability, they can be regarded as 
quasi-independent folding units. There are obviously wide differ- 
ences in the details of the 3-D structures of different proteins but 
it now seems that there may be oniy a limited number of gross 
chain topologies compatible with forming a stable structural 
domain. It is quite commonly observed that proteins with no 
obvious sequence homology fold into similar structures; for ex- 
ample, the immunoglobulin fold is not only found in a huge 
range of related proteins in the immunoglobulin superfamily 



